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D scription 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 



[0001] The present invention relates to novel polynucleotides derived from microorganisms belonging to corvneform 
bacteria and fragments thereof, polypeptides encoded by the po.ynucleotides and fragments th3 polvnucSde 
arrays comprising the po.ynucleotides and fragments thereof, computer readab.e recording nJdST^cKh^e? 
10 o .de sequences of the polynucleotide and fragments thereof have been recorded, and use of them as III as a method 
of us,ng the polynucleotide and/or polypeptide sequence information to make comparisons 

2. Brief Description of the Background Art 

" Samins TaZc^Z^l* ^ !" T"** ^ sUbstances . *«* amino acids, nuc.eic acids, 

vitam.ns saccharides (for example, nbulose), organic acids (for example, pyruvic acid), and analogues of the above 

SSSSZ^T"^ N - aC ~^> - - — microorganisms indu^M^-. 

20 IS h 'T eXample . Cor y neb ^ium glutamicum is a Gram-posilive bacterium identified as a glutamic acid-pro- 
ducmg bacterium, and many amino acids are produced by mutants thereof. For example 1 000 000 iear o^ L ' 
g.utam IC acd which is useful as a seasoning for umami (delicious taste), 250,000 «^?Ji^™>£ZZ^ 

. byCoi' BP^y' ^^'^ like - *™ P-duced in the worid {Nikk eiBio Yearbook ^Se* 

25 2 , ^ P /° duction of amin ° acids b y Corynebacterium glutamicum is mainly carried out by its mutants (metabolic 
mutants) which have a mutated metabolic pathway and regulatory systems. In general, an organis^ rprolTdefw h 

Tv. 'nTf ^ r re9U,at0ry SySt6mS S ° 88 n0t 10 Pr ° dUCe m ° re amino «*lfthM.lt needs. 

hf 6 ' ' ""^^ rganiSm be,on 9 in 9 to the genus Corynebacterium is under such regulation as prevent „ fl 

the excess^e production by concerted inhibition by lysine and threonine against the activity of a biosyntS s ren Z vme 
common to lysine threonine and methionine, i.e., an aspartokinase,' (J. Biochem., 65: 849- 859 < S) TO ^ biosCn " 
thesis of argmine ,s controlled by repressing the expression of its biosynthesis gene by arginine so as no^ to b X- 
thesze an excessive amount of arginine (Microbiology 142: 99-108 (1996)). ft is considered tha\ thes ^ metabolL 
2d nm^ are de ^gu. a ted in amino acid-producing mutants. Similarty, the metabolic ^regu afionTs dereo 

u ated ,n mutants producing nucleic acids, vitamins, saccharides, organic acids and analogues of the above-described 
substances so as to .mprove the productivity of the objective product • . scribed 

LTn? « H0W6Ver ' accum "'ation of basic genetic, biochemical and molecular biological data on coryneform bacteria 
-s msufficient ,n comparison with Escherichia coli, Bacillus subtilis, and the like. Also few findings hal been^obSned 

egl Sg ^^i^r UC ^ mU,antS - ThUS ' th6re Vari ° US meChanismS " WhiCh ar^S^fc^n. 
reguiaiing tne growth and metabolism of these microorganisms 

40 [0006] A chromosomal physical map of Corynebacterium glutamicum ATCC 1 3032 is reported and it is known that 
2n 9 sX°oTbact:;it OUt 3,100 T L Gen Genet - 252 - 255 ^ (1996)). Calculating on thSs of he suaTglne 
abou 100 aen e r m » n, PreSU 3 '°° 0 9eneS 3re PreSent in this genome of about 3,100 kb. However, only 

the nuHPof^t V C0 " Cemin 9 amino acid biosynthesis genes are known in Corynebacterium glutamicum and 

the nucleotide sequences of most genes have not been clarified hitherto ™m<cum, ana 

43 SSfU "IT m ySarS ' fU " nuc,eotide sequence of the genomes of several microorganisms such as Escherichia 
Z°J': ^™ b ?? enUm tube ™'°™- /east, and the like, have been determined (Science, 277 T^z^lTZure 
393: 537-544 (1 998); Nature, 387: 5-105 (1 997)). Based on.the thus determined full nucleotide sequences assumS 

^Ett f 0 " 1 thei 7 UnC,i0n bV C ° mPariSOn Wi,h nUC,e ° tide oTk^own gen I E 

» or moS btloSaTexp^r " * ° f ^ ^ P ™™* ^ ^ 

[0008] In recent years, moreover, techniques for monitoring expression levels of a great number of qenes simulta 

olTl °: det :T 9 7 Uta,i ° nS ' USin9 ° NA ChipS > ° NA arra ^ S ° r the like in which a P^W nueS Z ^fragmenTo a 
d!wl h th !' " UC,e ' C 3Cid ,ra9ment 9en ° miC DNA 0ther than a Sene is fixed to a solid suppose been 
developed. The techniques contribute to the analysis of microorganisms, such as yeasts, MycobacterlmtlZlu^ 

B^tSZ^T 6 in B ^ v fS ines - and the like (Sc/ence ' 2m 680 - 686 < 1 997 > ; p ™- ^ITsTuS, 

vt>. i^«33-38 (1999); Science, 284: 1520-23 (1999)). 
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SUMMARY OF THE INVENTION 

[0009] An object of the present invention is to provide a polynucleotide and a polypeptide derived from a microor- 
ganism of coryneform bacteria which are industrially useful, sequence information of the polynucleotide and the 
5 polypeptide, a method for analyzing the microorganism, an apparatus and a system for use in the analysis, and a 
method for breeding the microorganism. 

[0010] The present invention provides a polynucleotide and an oligonucleotide derived from a microorganism be- 
longing to coryneform bacteria, oligonucleotide arrays to which the polynucleotides and the oligonucleotides are fixed, 
a polypeptide encoded by the polynucleotide, an antibody which recognizes the polypeptide, polypeptide arrays to 
10 which the polypeptides or the antibodies are fixed, a computer readable recording medium in which the nucleotide 
sequences of the polynucleotide and the oligonucleotide and the amino acid sequence of the polypeptide have been 
recorded, and a system based on the computer using the recording medium as well as a method of using the polynu- 
cleotide and/or polypeptide sequence information to make comparisons. 

15 BRIEF DESCRIPTION OF THE DRAWING 

[001 1 ] Fig. 1 is a map showing the positions of typical genes on the genome of Corynebacterium glutamicum ATCC 
13032. 

[0012] Fig. 2 is electrophoresis showing the results of proleome analyses using proteins derived from (A) Coryne- 
20 bacterium glutamicum ATCC 1 3032,' (B) FERM BP-71 34, and (C) FERM BP-1 58. 

[001 3] Fig. 3 is a flow chart of an example of a system using the computer readable media according to the present 
invention. 

[001 4] Fig. 4 is a flow chart of an example of a system using the computer readable media according to the present 
invention. 

25 

DETAILED DESCRIPTION OF THE INVENTION 

[0015] This application is based on Japanese applications No. Hei. 11-377484 filed on December 16, 1999 : No. 
2000-159162 filed on April 7, 2000 and No. 2000-280988 filed on August 3, 2000, the entire contents of which are 

30 incorporated hereinto by reference. 

[0016] From the viewpoint that the determination of the full nucleotide sequence of Corynebacterium glutamicum 
would make it possible to specify gene regions which had not been previously identified, to determine the function of 
an unknown gene derived from the microorganism through comparison with nucleotide sequences of known genes 
"and amino acid sequences of known genes, and to obtain a useful mutant based on the presumption of the metabolic 

35 regulatory mechanism of a useful product by the microorganism, the inventors conducted intensive studies and, as a 
result, found that the complete genome sequence of Corynebacterium glutamicum can be determined by applying the 
whole genome shotgun method. 

[0017] Specifically, the present invention relates to the following (1) to (65): 
^0 (1) A method for at least one of the following: 

(A) identifying a mutation point of a gene derived from a mutant of a coryneform bacterium, 

(B) measuring an expression amount of a gene derived from a coryneform bacterium, 

(C) analyzing an expression profile of a gene derived from a coryneform bacterium, 
45 (D) analyzing expression patterns of genes derived from a coryneform bacterium, or 

(E) identifying a gene homologous to a gene derived from a coryneform bacterium, 
said method comprising: 

(a) producing a polynucleotide array by adhering to a solid support at least two polynucleotides selected 
so from the group consisting of first polynucleotides comprising the nucleotide sequence represented by any 

one of SEQ ID NOS:1 to 3501 , second polynucleotides which hybridize with the first polynucleotides under 
stringent conditions, and third polynucleotides comprising a sequence of 10 to 200 continuous bases of 
the first or second polynucleotides, 

(b) incubating the polynucleotide array with at least one of a labeled polynucleotide derived from a co- 
55 ryneform bacterium, a labeled polynucleotide derived from a mutant of the coryneform bacterium or a 

labeled polynucleotide to be examined, under hybridization conditions, 

(c) detecting any hybridization, and 

(d) analyzing the result of the hybridization. 
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■ ■ electees 8 a? ^uJnV^' '? *! *** ^ P 0, y nucleotides ™ be a. least two of the first polynu- 
c eot.des, at least two of the second polynucleotides, at least two of the third polynucleotides or at least 
two.of the first, second and third polynucleotides. ^nucleotides, or at least 

jgfe to - ,nus 

lole ll e ld°r aCCOrdin9 tQ Wh6rein ,he Po'ynuc«eotide derived from a coryneforrn ba'erium the polynuce- 
\ZT ? 1 ^ 8 mUtaRt ° f the co, V neform bacterium or the polynucleotide to be examined is a qene elatirfa 
r^ani^ 

S I^c^^ thS P0 ' ynUC,e0tide l ° bG iS — - . . 

■ at least two polynucleotides selected from the group consisting of. first polynucleotides comprising the nuc.e- 

SrT? e ? dbyany0ne0,SEQJDN0S:1 ^ 3501, second polynucleoUdes wSybrSi 

iinuous bases of the first or second polynucleotides, and 
a solid support adhered thereto. 

25 «t i^t U r d f ° r eXamP ' e ' thS at ' eaSt tWO Polynucleotides can be at least twc'of the first polynucleotides 

. Z^^~ S > ^ ^ tW ° " - -'—tides, or at .eastVo SKSj 

. (8) A polynucleotide comprising any one of the nucleotide sequences represented by SEQ ID NOS 2 to 34^1 nr 
a polynucleotide which hybridizes with the polynucleotide under stringent conditions ' * 

NotST fiSf enC ° di , n9 3 P0lypeptide havin 9 a "y one of the amino acid sequences represented by SEQ ID 
M nf a f , ' 3 P 0| y nucle °tide which hybridizes therewith under stringent conditions 

M iTa nnlm^", V 1 ' a " d has 80 ac,lv,ty of re 9 u| ating.an expression of the polynucleotide 

any onfo morof o^nT" 9 \° \°,f °° C ° minUOlJS ^ ^ nUCle0t ^ e Se ^ Uence °f the pb!ynucS of - 
a oTpri^ 

(1 2) A recombinant DNA comprising the polynudeotide of any one of (8) to (11 ) 

recovering the polypeptide from the medium. 

2 to > ^"" >CP " dS "°° de ' bV " P° l V""*°'"'"«">pn s lng the nucleotide sequence selected Irom SEQ ID NOS: 

(17) A polypeptide comprising the amino acid sequence selected f rom' SEQ ID NOS 3502 to 6931 

(18) ^polypeptide according to (16) or (17), Therein al leas, one amino acid is deleted, replaced, inserted or 



40 



50 



55 



BNSDOCID: <EP 1108790A2J_> 



EP 1 108 790 A2 

added, said polypeptides having an activity which is substantially the same as that of the polypeptide without said 
at least one amino acid deletion, replacement, insertion or addition. 

(19) A polypeptide comprising an amino acid sequence having a homology of at least 60% with the amino acid 
sequence of the polypeptide of (1 6) or (1 7), and having an activity which is substantially the same as that of the 

5 polypeptide. 

(20) An antibody which recognizes the polypeptide of any one of (1 6) to (19). 

(21) A polypeptide array, comprising: 

at least one polypeptide or partial fragment polypeptide selected from the polypeptides of (16) to (19) and 
10 partial fragment polypeptides of the polypeptides, and 

a solid support adhered thereto. 

(22) A polypeptide array, comprising: 

15 at least one antibody which recognizes a polypeptides partial fragment polypeptide selected from the polypep- 

tides of (1 6) to (1 9) and partial fragment polypeptides of the polypeptides, and 
a solid support adhered thereto. 

(23) A system based on a computer for identifying a target sequence or a target structure motif derived from a 
20 coryneform bacterium, comprising the following: 

(i) a user input device that inputs at least one nucleotide sequence information selected from SEQ ID NOS:1 
to 3501 , and target sequence or target structure motif information; 

(ii) a data storage device for at least temporarily storing the input information; 

25 (iii) a comparator that compares the at least one nucleotide sequence information selected from SEQ ID NOS: 

1 to 3501 with the target sequence or target structure motif information, recorded by the data storage device 
for screening and analyzing nucleotide sequence information which is coincident with' or analogous to the 
target sequence or target structure motif information; and 

(iv) an output device that shows a screening or analyzing result obtained by the comparator 

30 

(24) A method based on a computer for identifying a target sequence or a target structure motif derived from a 
coryneform bacteriura comprising the following: 

(i) inputting at least one nucleotide sequence information selected from SEQ ID NOS:1 to 3501, target se- 
35 quence information or target structure motif information into a user input device; 

(ii) at least temporarily storing said information; 

(iii) comparing the at least one nucleotide sequence information selected from SEQ ID NOS:1 to 3501 with 
the target sequence or target structure motif information; and 

(iv) screening and analyzing nucleotide sequence information which is coincident with or analogous to the 
40 target sequence or target structure motif information. 

(25) A system based on a computer for identifying a target sequence or a target structure motif derived from a 
coryneform bacterium : comprising the following: 

45 (j) a user input device that inputs at least one amino acid sequence information selected from SEQ ID NOS: 

3502 to 7001 , and target sequence or target structure motif information; 

(ii) a data storage device for at least temporarily storing the input information; 

(iii) a comparator that compares the at least one amino acid sequence information selected from SEQ ID NOS: 
3502 to 7001 with the target sequence or target structure motif information, recorded by the data storage 

so device for screening and analyzing amino acid sequence information which is coincident with or analogous to 

the target sequence or target structure motif information; and 

(iv) an output device that shows a screening or analyzing result obtained by the comparator. 

(26) A method based on a computer for identifying a target sequence or a target structure motif derived from a 
55 coryneform bacterium, comprising the following: , 

(i) inputting at least one amino acid sequence information selected from SEQ ID NOS:3502 to 7001 , and target 
sequence information or target structure motif information into a user input device; 
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(ii) at least temporarily storing said information; 

(Hi) comparing the at least one amino acid sequence information selected from SEQ ID NOS 3502 to 7001 
with the target sequence or target structure motif information: and 

(iv) screening and analyzing amino acid sequence information which is coincident with or analogous to the 
target sequence or target structure motif information. 

(27) A system based on a computer for determining a function of a polypeptide encoded by a polynucleotide having 
a target nucleot.de sequence derived from a coryneform bacterium, comprising the following: 

(i) a user input device that inputs at least one nucleotide sequence information selected from SEQ ID NOS 2 
to 3501, function information of a polypeptide encoded by the nucleotide sequence, and target nucleotide 
sequence information; a 

(ii) a data storage device for at least temporarily storing the input information- 

(hi) a comparator that compares the at least one nucleotide sequence information selected from SEQ ID NOS 
2 to 3501 with the target nucleotide sequence information, and determining a function of a polypeptide encoded 
, by a polynucleotide having the target nucleotide sequence which is coincident with or analogous to the poly- 
nucleotide having at least one nucleotide sequence se^^ 
(iv) an output devices that shows a function obtained by the comparator. 

(28) A method based on a computer for determining a function of a polypeptide encoded by a polypeptide encoded 
Slo a win°r haVi " 9 3 tar9et nUC ' e0tide set < uence derived from a coryneform bacterium, comprising the 

(i) inputting at least one nucleotide sequence information selected from SEQ ID NOS:2 to 3501 function in- 
ormation of a polypeptide encoded by the nucleotide sequence, and target nucleotide sequence'information- 
(n) at least temporarily storing said information; ' . ' 

(iii) comparing the at least one nucleotide sequence information selected from SEQ ID -NOS-2 to 3501 with 
the target nucleotide sequence information; and 

(iv) determining a function of a polypeptide encoded by a polynucleotide having the target nucleotide sequence 
which , is coincident with or analogous to the polynucleotide having at least one nucleotide sequence selected 
from SEQ ID NOS:2 to 3501 ... 

(29) A system based on a computer for determining a function of a polypeptide having a'target amino acid sequence 
derived from a coryneform bacterium, comprising the following: 

(i) a user input device that inputs at least one amino acid sequence information selected from SEQ ID NOS- 
3502to 7001 , function information based on the amino acid sequence, and target amino acid sequence infor- 

mation, ^ , ( 

(ii) a data storing device for at least temporarily storing the input information- 

S2£ C , 0m P arator that com P ar es the at least one amino acid sequence information selected from SEQ ID NOS- 
3502 to 7001 w.th the target amino acid sequence information for determining a function of a polypeptide 
having the target amino acid sequence.which is coincident with or analogous to the polypeptide havinq at least 
one amino acid sequence selected from SEQ ID NOS:3502 to 7001 ; and - 
(iv) an output device that shows a function obtained by the comparator. 

£^r eth ° d baS6d T a T iPUterf0rdeterminin9aM 
derived from a coryneform bacterium, comprising the following: 

^inputting at least one amino acid sequence information selected from SEQ ID NOS:3502 to 7001 function 
m ormat.on based on the amino acid sequence, and target amino acid sequence information; . ' 

(ii) at least temporarily storing said information; 

(iii) comparing the at least one amino acid sequence information selected from SEQ ID NOS 3502 to 7001 
with the target amino acid sequence information, and 

(iv) determining a function of a polypeptide having the target amino acid sequence which is coincident wrth or 
analogous to the polypeptide having at least one amino acid sequence selected from SEQ ID NOS:3502 to 

(31) The system according to any one of (23), (25), (27) and (29)! wherein a coryneform bacterium is a microor- 
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ganism of the genus Corynebacterium, the genus Brevibacterium, orthe genus Microbacterium. 

(32) The method according to any one of (24), (26), (28) and (30), wherein a coryneform' bacterium is a microor- 
ganism of the genus Corynebacterium, the genus Brevibacterium, or the genus Microbacterium. 

(33) The system according to (31 ), wherein the microorganism belonging to the genus Corynebacterium'is selected 
5 from the group consisting of Corynebacterium glutamicum, Corynebacterium acetoacidophilum, Corynebacterium 

acetoglutamicum, corynebacterium callunae, corynebacterium hercutis, Corynebacterium filium, Corynebacterium 
melassecola, Corynebacterium thermoaminogenes, and Corynebacterium ammoniagenes. 

(34) The method according to (32), wherein the microorganism belonging to the genus Corynebacterium is selected 
from the group consisting of Corynebacterium glutamicum, Corynebacterium acetoacidophiium, Corynebacterium 

w acetoglutamicum, Corynebacterium callunae, Corynebacterium herculis, Corynebacterium lilium, Corynebacteri- 

um melassecola, Corynebacterium thermoaminogenes, and Corynebacterium ammoniagenes, 

(35) A recording medium or storage device which is readable by a computer in which at least one nucleotide 
sequence information selected from SEQ ID NOS:1 to 3501 or function information based on the nucleotide se- 
quence is recorded, and is usable in the system of (23) or (27) or the method of (24) or (28). 

'5 (36) A recording medium or storage device which is readable by a computer in which at least one amino acid 

sequence information selected from SEQ ID NOS:3502 to 7001 or function information based on the amino acid 
sequence is recorded, and is usable in the system of (25) or (29) or the method of (26) or (30). 

(37) The recording medium or storage device according to 

(35) or (36), which is a computer readable recording medium selected from the group consisting of a floppy disc, 
20 a hard disc, a magnetic tape : a random access memory (RAM), a read only memory (ROM), a magneto-optic disc 

(MO), CD-ROM, CD-R, CD-RW, DVD-ROM, DVD-RAM and DVD-R W. 

(38) A polypeptide having a homoserine dehydrogenase activity, comprising an amino acid sequence in which the 
Val residue at the 59th in the amino acid sequence of homoserine dehydrogenase derived from a coryneform 
bacterium is replaced with an amino acid residue other than a Val residue. 

25 (39) a polypeptide comprising an amino acid sequence in which the Vaf residue at the 59th position in the amino 

acid sequence as represented by SEQ ID NO:6952 is replaced with an amino acid residue otherthan a Val residue. 

(40) The polypeptide according to (38) or (39), wherein the Val residue afthe 59th position is replaced with an Ala 
residue. 

(41) A polypeptide having pyruvate carboxylase activity, comprising an amino acid sequence in which the Pro 
30 residue at the 458th position in the amino acid sequence of pyruvate carboxylase derived from a coryneform 

bacterium is replaced with an amino acid residue other than a Pro residue. * ' 

(42) A polypeptide comprising an amino acid sequence in which the Pro residue at the 458th position in the amino 
acid sequence represented by SEQ ID NO:4265 is replaced with an amino acid residue other than a Pro residue. 

(43) The polypeptide according to (41 ) or (42), wherein the Pro residue at the 458th position is replaced with a.Ser 
35 residue. 

(44) The polypeptide according to any one of (38) to (43), which is derived from Corynebacterium glutamicum. 

(45) A DNAencoding the polypeptide of any one of (38) to (44). 

(46) A recombinant DNA comprising the DNA of (45). 

(47) A transformant comprising the recombinant DN A of (46). 

40 . (48) A transformant comprising in its chromosome the DNA of (45). 

(49) The transformant according to (47) or (48), which is derived from a coryneform bacterium. 

(50) The transformant according to (49), which is derived from Corynebacterium glutamicum. ' 

(51) A method for producing L-lysine, comprising: 

45 culturing the transformant of any one of (47) to (50) in a medium to produce and accumulate L-lysine in the 

medium, and 

recovering the L-lysine from the culture. 

(52) A method for breeding a coryneform bacterium using the nucleotide sequence information represented by 
so SEQ ID NOS:1 to 3431, comprising the following; 

(i) comparing a nucleotide sequence of a genome or gene of a production strain derived a coryneform bacte- 
rium which has been subjected to mutation breeding so as to produce at least one compound selected from 
an amino acid, a nucleic acid, a vitamin, a saccharide, an organic acid, and analogous thereof by a fermentation 

55 method, with a corresponding nucleotide sequence in SEQ ID NOS:1 to 3431 ; 

(ii) identifying a mutation point present in the production strain based on a result obtained by (i); 

(iii) introducing the mutation point into a coryneform bacterium which is free of the mutation point; and 

(iv) examining productivity by the fermentation method of the compound selected in (i) of the coryneform 
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bacterium obtained in (iii). 

Slrr s »t„T,fC 52) ' - <" * • •"» «~»» » «** "osyntn* pa,„„ay or 

seq'dTosm ^iSfS^ST 0 * baC " rtUm U8i " 9 n " deo ' i<te in,0,ma,to " rep — M * 

S'd««S hT; a "°" P ° inl PreSSn ' 0,6 pr0d,,c " on slrai " bMM ">' • Obtain by <()• 
2 „ P °'"" ,0m * """Vnefomi navi" 9 me mutation point ana 

KSSS"? bv "-""—^ m " BMW - «•*•«- 

J^ZSESSpSK** * ~» » " ~» " "ipaynfec ^ Of" 

ihTpTi™:;;." accordin9 ,o <56) ' " hm ' n ,Be ™ ,a,i °" p ° in ' ,s * ™«>°" **» a^v*.*^ 

— „ ^ 

• Sct^." y ^b^ , t±r t ° n * c " ,poun< ' '™ m — — . . 

(60) A coryneform bacterium, bred by the method of any one of (52) to (59) ' 

cultunng a coryneform bacterium of.any one of (60) to (62) in a medium to produce and accumulate at least 
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one compound selected from an amino acid, a nucleic acid, a vitamin, a saccharide, an organic acid, and 
analogues thereof; 

recovering the compound from the culture. 

5 . (64) The method according to (63), wherein the compound is L-lysine. 

(65) A method for identifying a protein relating to useful mutation based on proteome analysis, comprising the 
following': 

(i) preparing 

10 

a protein derived from a bacterium of a production strain of a coryneform bacterium which has been sub- 
jected to mutation breeding by a fermentation process so as to produce at least one compound selected 
from an amino acid, a nucleic acid, a vitamin, a saccharide, an organic acid, and analogues thereof, and 
a protein derived from a bacterium of a parent strain of the production strain; 

15 

(ii) separating the proteins prepared in (i) by two dimensional electrophoresis; 

(iii) detecting the separated proteins, and comparing an expression amount of the protein derived from the 
production strain with that derived from the parent strain; 

(iv) treating the prolein showing different expression amounts as a result of the comparison with a peptidase 
20 to extract peptide fragments; 

(v) analyzing amino acid sequences of the peptide fragments obtained in (ivj; and 

(vi) comparing the amino acid sequences obtained in (v) with the amino acid sequence represented by SEQ 
ID NOS:3502 to 7001 to identifying the protein having the amino acid sequences. 

25 As used herein, the term "proteome", which is a coined word by combining "protein" with "genome", refers to 

a method for examining of a gene at the polypeptide level. 

(66) The method according to (65) : wherein the coryneform bacterium is a microorganism belonging to the genus 
Corynebacterium, the genus Brevibacterium, or the genus Microbactehum. 

(67) The method according to (66), wherein the microorganism belonging to the genus Corynebacterium is selected • 
30 from the group consisting of Corynebacterium giutamicum, Corynebacterium acetoacidophilum, Corynebacterium 

acetoglutamicum, Corynebacterium callunae, corynebacterium herculis, Corynebacterium lilium Corynebacterium 
meiassecola, Corynebacterium thermoaminogenes, and Corynebacterium ammoniagenes. 

(68) A. biologically pure culture of Corynebacterium giutamicum AHP-3 (FERM BP-7382). 

35 [001 8] The present invention will be.described below in more detail, based on the determination of the full nucleotide 
sequence of coryneform bacteria. 

1 . Determination of full nucleotide sequence of coryneform bacteria 

40 [0019] The term "coryneform bacteria" as used herein means a microorganism belonging to the genus Corynebac- 
terium, the genus Brevibacterium or the genus Microbactehum as defined in Bergeys Manual of Determinative Bacte- 
riology, 8: 599 (1 97 4). * ' 

[0020] Examples include Corynebacterium acetoacidophitum, Corynebacterium acetoglutamicum, Corynebacterium 
callunae, Corynebacterium giutamicum, Corynebacterium herculis, Corynebacterium lilium, Corynebacterium melas- 

45 secola, Corynebacterium thermoaminogenes, Brevibacterium saccharotyticum, Brevibacterium immariophilum, Brevi- 
bacterium roseum, Brevibacterium thiogenitalis, Microbactehum ammoniaphilum, and the like 
[0021 ] Specific examples include Corynebacterium acetoacidophilum ATCC 1 3870 , Corynebacterium acetoglutami- 
cum ATCC 15806, Corynebacterium callunae ATCC 15991, Corynebacterium giutamicum ATCC 13032, Corynebac- 
terium giutamicum ATCC 13060, Corynebacterium giutamicum ATCC 1 3826 (prior genus and species: Brevibacterium 

so fiavum, or Corynebacterium lactofermentum), Corynebacterium giutamicum ATCC 14020 (prior genus and species: 
Brevibacterium divaricatum), Corynebacterium giutamicum ATCC 13869 (prior genus and species: Brevibacterium 
lactofermentum), Corynebacterium herculis ATCC 13868, Corynebacterium lilium ATCC 15990, Corynebacterium 
meiassecola ATCC 17965, Corynebacterium thermoaminogenes FERM 9244, Brevibacterium saccharotyticum ATCC 
14066, Brevibacterium immariophilum ATCC 1 4068, Brevibacterium roseum ATCC 13825, Brevibacterium thiogenitalis 

55 ATCC 19240, Microbactehum ammoniaphilum ATCC 15354, and the like. 
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(1)' Preparation of genome DNA of coryneform bacteria 

£23 J oryn f e,ormbacte ^ ca " be cultured by a conventional method ' 
luu^jj Any of a natural medium and a synthetic medium ran ho , , eart ^, ■ 
■ culturing of the microorganism, and it contains a carton a , ' " 9 88 * ' S 3 medium * uitable for efficient 
can be assimilated by the micmorganism ^ 6 ' 3 mtr ° 9en source > a P inorganic salt, and the like which 

S, * - l extract ' 10 9/1 pepto - 3 * — 

25 to 35-C overnight. - 9 1 7 r° f 9 ' yC,ne and ,he l,ke can Re used. The culturing is carried out at 

Sre w^hS Ce " S - —red from the culture by centrifugatio. The resulting 

and the like using a phenol solutio^in^^ ^ eliminating proTeL 

Si™ 

- . 3 mo,/> sodium acetate solution (pH 5 2) anTto^^SSTr ^ Ch,OrOf0rm (tWiC6) in the sa ™ 
times volume, of the aqueous layer resp^cS 

[0032] The genome DNA is dissolved aaainl,^ f' a h 7 ^ 9 V '° preci P i,ate the genome. DNA. 

buffer^ buffer (lOmmo,,™:^^ 

(2) Production of shotgun library ' ~* . . . 

Sv^SlaSo^S ba -a prepared in 

^edtoas^o/ec^^ 

buffe/or the like, is 9 add ^ 

10 kb with a sonicator (Yamato PbweVsonic ModeTso? S ,' the t gen ° me D * A is digested into fragments of 1. to 
20 continuously for 5 seconds" ' ' h TOMm " m Wltn the sonicator is performed at an output of . 

"j*ss;rs s D os A , sir* ei r b * r <o 6 * — — ■ 

overnight to elute DNA' > ° r the " ke ' ls added ' followed by shaking at 25 to 40°C 

2o SS ' DNA * <-'ed with pheno,/,h,oroform and < he W ip»ated with ethane to obtain a 

al.owing a mixture to stand at iS to a£S for 2 tto 5C ZSHT ? " ^ ' i9ati ° n Can be ° Ut b * 

SSS pS/T-T 9 li ? ati ° n Pr ° dUCt iS preCi P itated with ethane, and dissolved in 5 to 20 n, of TE buffer 
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(manufactured by Life Technologies) for Escherichia coli. The electroporation method can be carried out under the 
conditions as described in the manufacturer's instructions. ' 
r00431 The transformed Escherichia coli is spread on a suitable selection medium containing agar, for example, Lb 
plate medium containing 10 to 100 mg/l ampicillin (LB medium (10 g/l bactotrypton, 5 g/l yeast extract, 10 g/l sodium 

s chloride P H 7.0) containing 1.6% of agar) when pUC18 is used as the cloning vector, and cultured therein 

[0044] The transformant can be obtained as colonies formed on the plate medium. In this step, it is possible to select 
the transformant having the recombinant DNA containing the genome DNA as white colonies by adding X-gal and 
IPTG (isopropyl-B-thiogalactopyranoside) to the plate medium. , a . A - 
r0045 The transformant is allowed to stand for culturing in a 96-well titer plate to which 0.05 ml of the LB medium 

io containing 0.1 mg/ml of ampicillin has been added in each well. The resulting culturecan be used in an expenment of. 
(4) described below. Also, the culture solution can be stored at -80°C by adding 0.05 ml per well of the LB medium 
containing 20% glycerol to the culture solution, followed by mixing, and the stored culture solution can be used at any 
time. 

is (3) production of cosmid library 

10046] The genome DNA (0.1 mg) of the coryneform bacteria prepared in the above (1) is partially digested wjth a 
restriction enzyme, such as SauZM or the like, and then ultracentrifuged (26,000 rpm, 18 hours, 20«C) under a 10 to 
40% sucrose density gradient using a 1 0% sucrose buffer (1 mol/l Nad, 20 mmol/l Tris hydrochloride 5 mmo^EDTA. 

20 1 0% sucrose, pH 8.0) and a 40% sucrose buffer (elevating the concentration of the 1 0% sucrose buffer to 40 /o). 

r00471 After the cehtrrfugation. the thus separated solution is fractionated into tubes in 1 ml per each tube. After 
confirming the DNA fragment size of each fraction by agarose gel electrophoresis, a fraction rich in DNA fragments of 
about 40 kb is precipitated with ethanol. u u i-' ,^..»,k. 

[0048] The resulting DNA fragment is ligated to a cosmid vector having a cohesive end which can be ligated to the 

25 fragment When the genome DNA is partially digested with Sau3AI, the partially digested product can be ligated to, 
for example, the BaroHl site of superCosI (manufactured by Stratagene) in accordance with the manufacture s mstruc- 

[0049] The resulting ligation product is packaged using a packaging extract which can be prepared by a method 
described in Molecular Cloning, 2nded. and then used in transforming Escherichia coli. More specifically the ligation 
30 product is packaged using, for example, a commercially available packaging extract, Gigapack III Gold Packaging 
Extract (manufactured by Stratagene) in accordance with the manufacture's instructions and then introduced into Es- 
cherichia coli XL-1 -BlueMR (manufactured by Stratagene) or the like. 

[0050] The thus transformed Escherichia coli is spread on an LB plate medium containing ampicillin, and cultured 
therein. 

35 [0051] The transformant can be obtained as colonies formed on the plate medium. . . 

[0052] The transformant is subjected to standing culture in a 96-well titer plate to which 0.05 ml of the LB medium 
containing 0.1 mg/ml ampicillin has been added. 

[0053] The resulting culture can be employed in an experiment of (4) described below. Also, the culture solution can 
be stored at -80*C by adding 0.05 ml per well of the LB medium containing 20% glycerol to the culture solution, followed 
40 by mixing, and the stored culture solution can be used at any time. . 

(4) Determination of nucleotide sequence 
(4-1) Preparation of template 

45 

[0054] The full nucleotide sequence of genome DNA of coryneform bacteria can be determined basically according 
to the whole genome shotgun method (Science, 269. 496-51 2 (1 995)) . 

[0055] The template used in the whole genome shotgun method can be prepared by PCR using the library prepared • 
in the above (2) (DNA Research, 5: 1-9 (1998)). . . 

■so [0056] Specifically, the template can be prepared as follows. 

[0057] The clone derived from the whole genome shotgun library is inoculated by using a replicator (manufactured 
by GENETIX) into each well of a 96-well plate to which 0.08 ml per well of the LB medium containing 0.1 mg/ml ampicillin 
has been added, followed by stationarily culturing at 37°C overnight. 

[0058] ' Next, the culture solution is transported, using a copy plate (manufactured by Tokken), into each well of a 
55 96-well reaction plate (manufactured by PE Biosystems) to'which 0.025 ml per well of a PGR reaction solution has 
been added using TaKaRa Ex Taq (manufactured by Takara Shuzo). Then, PCR is carried out in accordance wrth the 
protocol by Makino el al. (DNA Research, 5: 1-9 (1998)) using GeneAmp PCR System 9700 (manufactured by PE 
Biosystems) to amplify the inserted fragments. 
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knSL e + xces f ive Primers and nucleotides are eliminated using.* kit for purifying a PGR product.and the product 
is used as the template in the sequencing reaction. • 

■ !S ^TZTT**! IZTT the ; UC ' COtidG S6qUenCe USin 9 a double-stranded DNA plasmid as a template. 

• rS S double-stranded DNA plasmid used as the template can be obtained by the following method 
S ? , T / C one der,ved from the whole 9 enome s h°tgun library is inoculated into each well of a 24- or 96-well plate 
to. which 1 .5 ml per well of a 2 x YT medium (1 6 g/l bactotrypton, 1 0 g/l yeast extract, 5 g/l sodium chlo^e pH 7 0) 
m 9 /ml am P ici,lin nas been add ^, snowed by culturing under shaking at 37°C overnight ' ~ 
[0063] The double-stranded DNA plasmid can be prepared from the culture solution using an automatic plasmid 

ss^ssr u,Mured * Kurabo *f^.i-»~*4^"^. 

^° PM r '^y ^ e 'P^smid^Bi'omek.2000 manufactured by Beckman Coulter a : nd the like can be used 
£065] The resulting purified double-stranded DNAplasmid is dissolved in water to give a concentration of about 0 1 
mg/ml. Then, it can be used as the template in sequencing . 

(4-2) Sequencing reaction 

[0066] The sequencing reaction can be carried out according to a commercially available sequence kit or the like A 
specific method is exemplified below. ' 4 < - A 

bv°PE BilLstemlf TTT °' f', PR '* M *«* Terminator Cycle Sequencing Ready Reaction Kit (manufactured' 
SiTrp^S «' i r,° Q ° ^ regular direction primer (M 13-21) or an M1 3 reverse, direction primer 

} ( ? nff ' 5 1 " 9 (1 " 8)) 50 l ° 2 ° 0 ' ng ° f the template prepared in the above (4-1) (the PGR 
product or plasmid) to give 10uJ of a sequencing reaction solution ' A - 

^CR^m^^ 10 " CyClSS) iS ° arried ° Ut Usin 9 this reaction solution and GeneAmb : 

PCrs System 9700 (manu^ 

with a commerc.ally available kit, for example, the manufacture's instructions attached with ABI PRISM Biq Dye Ter- 
minator Cycle Sequencing Ready Reaction Kit. - - 

^L^V,?™^ ban u 6e P Unfied usi "3 a commercially available product, such as Mufti Screen HV plate (man^ 
factured by M.lhpore) or the like, according to the manufacture's instructions ^ 
!°° 7 5 ] Th ^ thus purified reaction product is precipitated with ethanol, dried and then usedforthe analysis The dried 
eact on : product can be stored in the dark at -30»C and the stored reaction product can be used at any time 
[0071] The dried reaction product can be analyzed using a commercially available sequencer and an analyzer ac- 
cording to themanufacture's instructions. , anaiyzer ac 

rp1LSS2^f p the < ^ e ^»y. available sequencer include ABI PRISM 377 DNA Sequencer (manufactured 
by PE Biosystems). Example of the analyzer include ABI PRISM 3700 DNA Analyzer (manufactured by PE Biosystems). 

(5) Assembly " 

L 0 n°Y 31 - A , h SOftWare ' such as P hred < The University of Washington) or the like, can be used as base call for use in 
^lyz.ng the sequence, mformation obtained in the above (4). A software, such as Cross Match (The University, of 
Washington) or SPS Cross_Match (manufactured by Southwest Parallel Software) or the Hke, can be used to mask 

the vector sequence information. 

So°,rfhL2°p the *f * embly ' a software ' such as P hra P (The University of Washington), SPS phrap (manufactured by 
Southwest Parallel Software) or the like, can be used. r 

flteran beu h sed at>OVe ' ana ' VSiS and ° UtpUt 0f the results thereof ' a computer such as UNIX, PC, Macintosh, and the . 

0? vZ^^Z* the assembly can be ana,yzed using a 9raph * al editor such ascon sed < The Uni —"y. 

[0077] It is also possible to perform a series of the operations from the base call to the assembly in a lump using a 
script phredPhrap attached to the consed. ' . * .., P 9 

[0078] As used herein, software will be understood to also be referred to as a comparator. "'" 

(6) Determination, of nucleotide sequence in gap part' '* 

[0079] Each of the cosmids in the cosmid library constructed in the above (3) is prepared in the same manner as in 
the preparation of the double-stranded DNA plasmid described in the above (4-1 ).. The nucleotide sequence atthe end 
of the insert fragment, of the cosmid is determined using a commercially available kit, such as ABI PRISM BiqDve 
Termmator Cycle Sequencing Ready Reaction Kit (manufactured by PE Biosystems) according to the manufacture's 
instructions. . ■ *" 
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[0080] About 800 cosmid clones are sequenced at both ends of the inserted fragment to detect a nucleotide sequence 
in the contig derived from the shotgun sequencing obtained in (5) which is coincident with the sequence. Thus, the 
chain linkage between respective cosmid clones and respective contigs are clarified, and mutual alignment is carried 
out. Furthermore, the results are compared with known physical maps to map the cosmids and the contigs. In case of 
5 Corynebacterium glutamicum ATCC 13032, a physical map of Mol. Gen. Genet., 252: 255-265 (1996) can be used. 
[0081] The sequence in the region which cannot be covered with the contigs (gap part) can be determined by the 
following method. 

[0082] Clones containing sequences positioned at the ends of the contigs are selected. Among these, aclone wherein 
only one end of the inserted fragment has been determined is selected and the sequence at the opposite end of the 
10 inserted fragment is determined. 

[0083] A shotgun library clone or a cosmid clone derived therefrom containing the sequences at the respective ends 
of the inserted fragments in the two contigs is identified and the full nucleotide sequence of the inserted fragment of 
the clone is determined. 

[0084] According to this method, the nucleotide sequence of the gap part can be determined. 
15 [0085] When no shotgun library clone or cosmid clone covering the gap part is available, primers complementary to 

the end sequences of the two different contigs are prepared and the DNA fragment in the gap part is amplified. Then, 

sequencing is performed by the primer walking method using the amplified DNA fragment as a template or by the 

shotgun method in which the sequence of a shotgun clone prepared from the amplified DNA fragment is determined. 

Thus, the nucleotide sequence of the above-described region can be determined. 
20 [0086] In a region showing a low sequence accuracy, primers are synthesized using AUTOFINISH function and 

NAVIGATING function of consed (The University of Washington), and the sequence is determined by the primer walking 

method to improve the sequence accuracy. 

[0087] Examples of the thus determined nucleotide sequence of the full genome include the full nucleotide sequence 
of genome of Corynebacterium glutamicum ATCC 1 3032 represented by SEQ ID NO:1 . 

25 

(7) Determination of nucleotide sequence of microorganism genome DNA using the nucleotide sequence represented 
by SEQ ID NO:1 

[0088] A nucleotide sequence of a polynucleotide having a homology of 80% or more with the full nucleotide sequence 
30 of Corynebacterium glutamicum ATCC 13032 represented by SEQ ID NO:1 as determined above can also be deter- 
mined using the nucleotide sequence represented by SEQ ID NO:1 , and the polynucleotide having a nucleotide se- 
quence having a homology of 80% or more with the nucleotide sequence represented by SEQ ID NO:1 of the present 
invention is within the scope of the present invention. The term "polynucleotide having a nucleotide sequence having 
a homology of 80% or more with the nucleotide sequence represented by SEQ ID NO:1 of the present invention 0 is a 
35 polynucleotide in which a full nucleotide sequence of the chromosome DNA can be determined using as a primer an 
oligonucleotide composed of continuous 5 to 50 nucleotides in the nucleotide sequence represented by SEQ ID NO: 

1 , for example, according to PCR using the chromosome DNA as a template. A particularly preferred primer in deter- 
mination of the full nucleotide sequence is an oligonucleotide having nucleotide sequences which are positioned at 
the interval of about 300 to 500 bp, and among such oligonucleotides, an oligonucleotide having a nucleotide sequence 

40 selected from DNAs encoding a protein relating to a main metabolic pathway is particularly preferred. The polynucle- 
otide in which the full nucleotide sequence of the chromosome DNA can be determined using the oligonucleotide 
includes polynucleotides constituting a chromosome DNA derived from a microorganism belonging to coryneform bac- 
teria. Such a polynucleotide is preferably a polynucleotide constituting chromosome DNA derived from a microorganism 
belonging to the genus Corynebacterium, more preferably a polynucleotide constituting a chromosome DNA of Co- 

45 rynebacterium glutamicum. 

2. Identification of ORF (open reading frame) and expression regulatory fragment and determination of the function of 
ORF 

so [0089] Based on the full nucleotide sequence data of the genome derived from coryneform bacteria determined in 
the above item 1 , an ORF and an expression modulating fragment can be identified. Furthermore, the function of the 
thus determined ORF can be determined. 
• [0090] The ORF meansa continuous region in the nucleotide sequence of mRNA which can be translated as an 
amino acid sequence to mature to a protein. A region of the DNA coding for the ORF of mRNA is also called ORF. 

55 [0091] The expression modulating fragment (hereinafter referred to as "EMF") is used herein to define a series of 
polynucleotide fragments which modulate the expression of the ORF or another sequence ligated operatably thereto. 
The expression "modulate the expression of a sequence ligated operatably" is used herein to refer to changes in the 
expression of a sequence due to the presence of the EMF. Examples of the EMF include a promoter, an operator, an 
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baSan pE?*'' " rib ° SOme - bi " din 9 se < uence . * transcriptional termination sequence, and the like In coryneform 
^^^^^^ n ^;:^ (a f ^ ment t>*ween two genes; abouM 0 to 

longer. It ^^^S^S^^^^^ ° f 10 "-.eotides or 

sequence or a target structural motif for a T^nZ^l F by usin 9 known EM F sequences as a target 

(Proc: Nat,. Acs" ^fS ss SS'S ^rH^**^ or comparator, such as FASTA 

be identified and eva.ua«e d using a k ntwn ^^^^^^ ^ ?T T, ^ * ^ 
Pharmacia Biotech). ^nngvecior (Tor example, pKK232-8; manufactured by Amersham 

acid sequence compositor Ze amino acT A 13 «m f " * " UCl80 ' iae S «""" C ° '"^"^ ,his amln<> 

Glimmer (M*. A*& fles. 26 544-548 (iSS.uSfiS^' N l UC '° C t Ac, < i J> nd * 3001 '° 7 (1997)) ' 

K2 ^teSSS^^^ C ° mPUter ' 85 UN ' X - PC ' MaCintOSh ' ° r the ,ik ^ ca " be used 
sequeL^re^ 

sented by SEQ ID NO 1 In these ORFs do^k^T , h 9en ° me ° f Co ^ etecte «^ flfctonfcwn as repre- 
3502 to 7001 are encoded polypeptides having the am.no acid sequences represented by SEQ ID NOS: 

Ehomo^^ 

Waterman ^ ^ 7^5 M ^r. or comparator, such as BLAST, FAST, Smith & 
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[0104] Moreover, the characteristics of respective microorganisms can be clarified by classifying the functions thus 
determined. As a result, valuable information in breeding is obtained. 

[0105] Furthermore, from the ORF information derived from coryneform bacteria, the ORF corresponding to the 
microorganism is prepared and obtained according to the general method as disclosed in Molecular Cloning, 2nd ed. 

5 or the like. Specifically, an oligonucleotide having a nucleotide sequence adjacent to the ORF is synthesized, and the 
ORF can be isolated and obtained using the oligonucleotide as a primer and a chromosome DNA derived from co- 
ryneform bacteria as a template according to the general PCR cloning technique. Thus obtained ORF sequences 
include polynucleotides comprising the nucleotide sequence represented by any one of SEQ ID NOS:2 to 3501 . 
[0106] The ORF or primer can be prepared using a polypeptide synthesizer based on the above sequence informa- 

io tion. 

[0107] Examples of the polynucleotide of the present invention include a polynucleotide containing the nucleotide . 
sequence of the ORF obtained in the above, and a polynucleotide which hybridizes with the polynucleotide under 
stringent conditions. 

[0108] The polynucleotide of the present invention can be a single-stranded DNA, a double-stranded DNA and a 

15 single-stranded RNA, though it is not limited thereto. 

[0109] The polynucleotide which hybridizes with the polynucleotide containing the nucleotide sequence of the ORF 
obtained in the above under stringent conditions includes a degenerated mutant of the ORF. A degenerated mutant is 
a polynucleotide fragment having a nucleotide sequence which is different from the sequence of the ORF of the present 
invention which encodes the same amino acid sequence by degeneracy of a gene code. 

20 [0110] Specific examples include a polynucleotide comprising the nucleotide sequence represented by any one of 
SEQ ID NOS:2 to 3431, and a polynucleotide which hybridizes with the polynucleotide under stringent conditions. 
[0111] A polynucleotide which hybridizes under stringent conditions is a polynucleotide obtained by colony hybridi- 
zation, plaque hybridization, Southern blot hybridization or the like using, as a probe, the polynucleotide having the 
nucleotide sequence of the ORF identified in the above. Specific examples include a polynucleotide which can be 

25 identified by carrying out hybridization at 65°C in the presence of 0.7-1 .0 M NaCI using a filter on which a polynucleotide 
prepared from colonies or plaques is immobilized, and then washing the filter with 0.1x to 2x SSC solution (the com- 
position of Ix SSC contains 150 mM sodium chloride and 15 mM sodium citrate) at 65°C. ' 

[0112] The hybridization can be carried out in accordance with known methods described in, for example, Molecular 
Cloning, 2nd ed. f Current Protocols in Molecular Biology, DNA Cloning 1: Core Techniques, A Practical Approach, 

30 Second Edition, Oxford University (1 995) or the like. Specific examples of the polynucleotide which can be hybridized 
include a DNA having a homology of 60% or more, preferably 80% or more, and particularly preferably 95% or more, 
with the nucleotide sequence represented by any one of SEQ ID NO:2 to 3431 when calculated using default (initial 
setting) parameters of a homology searching software, such as BLAST FASTA, Smith-Waterman or the like. 
[01 13] Also, the polynucleotide of the present invention includes a polynucleotide encoding a polypeptide comprising 

35 the amino acid sequence represented by any one of SEQ ID NOS:3502 to 6931 and a polynucleotide which hybridizes 
with the polynucleotide under stringent conditions. 

[0114] Furthermore, the polynucleotide of the present invention includes a polynucleotide which is present in the 5' 
upstream or 3' downstream region of a polynucleotide comprising the nucleotide sequence of any one of SEQ ID NOS: 
2 to 3431 in a polynucleotide comprising the nucleotide sequence represented by SEQ ID NO:1 , and has an activity 
40 of regulating an expression of a polypeptide encoded by the polynucleotide. Specific examples of the polynucleotide 
having an activity of regulating an expression of a polypeptide encoded by the polynucleotide includes a polynucleotide 
encoding the above described EMF, such as a promoter, an operator, an enhancer, a silencer, a ribosome-binding 
sequence, a transcriptional termination sequence, and the like. ' 

[0115] The primer used for obtaining the ORF according to the above PCR cloning technique includes an oligonu- 
45 cleotide comprising a sequence which is the same as a sequence of 1 0 to 200 continuous nucleotides in the nucleotide 
sequence of the ORF and an adjacent region or an oligonucleotide comprising a sequence which is complementary 
to the oligonucleotide. Specific examples include an oligonucleotide comprising a sequence which is the same as a 
sequence of 10 to 200 continuous nucleotides of the nucleotide sequence represented by any one of SEQ ID NOS:1 
to 3431 , and an oligonucleotide comprising a sequence complementary to the oligonucleotide comprising a sequence 
50 of at least 10 to 20 continuous nucleotide of any one of SEQ ID NOS:1 to 3431 . When the primers are used as a sense 
primer and an antisense primer, the above-described oligonucleotides in which melting temperature (T m ) and the 
number of nucleotides are not significantly different from each other are preferred. 

[01 1 6] The oligonucleotide of the present invention includes an oligonucleotide comprising a sequence which is the 
same as 10 to 200 continuous nucleotides of the nucleotide sequence represented by any one. of SEQ ID NOS:1 to 
55 3431 or an oligonucleotide comprising a sequence complementary to the oligonucleotide. 

[0117] Also, analogues of these oligonucleotides (hereinafter also referred to as "analogous oligonucleotides") are 
also provided by the present invention and are useful in the methods described herein. 

[0118] Examples of the analogous oligonucleotides include analogous oligonucleotides in which a phosphodiester 
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nbose and a phosphodiester bond in an tliaon^JeV^^f Z ' ana, ° 9 ° US O,i 9°nucleotjdes in which 
nucleotides in which uracil Yn an oli^nuclLd^ «S r ^"f ""^ **? b ° nd ' ana| °9 0US ^ 

which uracil in an oligonucleotide is replaced Sh cTSlu^rif 7 Pynyluracil ' anal °9° us oligonucleotides in 
an oligonucleotide is replaced with C-5 propynylcytosine ana Z ^^^^^-ohgonucleotides in which cytosine in 
cleotide is replaced "with-ptonoxta^^SkS^e £ J^» °"9onucleot,des in which cytosine in an oligonu- 

3. Determination of isozymes 

[0122] However, since the gene sequfnL dafa of th^mi^n ' ° blained by the presem inve " li °"- 

have been obtained by mut^lcSS^^la Tj^^T ^ * ^ insu * icie "«. useful mutants 
[6123] Although genes can be mutated " 
genes encoding respective isozyn*^^^™^^ "W? ^ove-described mutagen, al. 
mutated. In the mutagenic method usina a mutaaer Till J! 9 the metabo "sm of intermediates cannot be 

worsening culture characteristic, ^LT^T^*?? «». «"■"•- randoml V- Accordingly, harmfu. mutations 
great frequency, in a random manner * 9 ' aCcelerated 1oami ^; and the like, might be imparted at a 

mutation can be incorporated 'sozymes. In this case.harmful mutations may be avoided and the target 

30 SbT^^ 

isozyme genes can be mutated into genes havinc It Z h V USm9 ^ S6qUenCe Ration, ail of the target 
method descrfoed in Mo,ecu,ar ^S^^^^^T^T ^ ^ site " s P ec ^ mutagenesis 

stances. " 9 ' 2nd ed t0 obtam useful m ^nts having elevated productivity of useful sub- 

4. Clarification or determination of biosynthesis pathway and signal transmission pathway • . . 

teria since a number of genes have not ZliTr ^ ° f Cor V nefo ™ bac " 

Ls^r^ 

or the signal transmission pafhway to wh cT^ 

information. Next, the arranged ORF iC2^^S^' ng k " ow " 'Nation according ,0 the functional 
or signal transmission pathways of othertown o7ga^ ° n ,he ""V^Pathw 

Lbeob^^^^ 

pathway is judged as not important in the biosvn hLsis of XT t , ren 3 thened - Also, when the thus clarified 
by selecting a mutant wherein the ^J^ZS^SSZ Z^we^ * ^ ^ » 

5. Clarification or determination of useful mutation point - 

[0131] Many useful mutants of coryneform bacteria which are suitable for the production of usefu. substances, such 
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as amino acids, nucleic acids, vitamins, saccharides, organic acids, and the like, have been obtained. However, it is 
hardly known which mutation point is imparted to a gene to improve the productivity. 

[01 32] However mutation points contained in production strains can be identified by comparing desired sequences 
of the genome DNA of the production strains obtained from coryneform bacteria by the mutagenic technique with the 
5 nucleotide sequences of the corresponding genome DNA and ORF derived from coryneform bacteria determined by 
the methods of the above items 1 and 2 and analyzing them . 

[01331 Moreover, effective mutation points contributing to the production can be easily specified from among these 
mutation points on'the basis of known information relating to the. metabolic pathways, the metabolic regulatory mech- 
anisms, the structure activity correlation of enzymes, and the like. 
w [0134] When any efficient mutation can be hardly specified based on known data, the mutation points thus identified 
can be introduced into a wild strain of coryneform bacteria or aproduction strain free of the mutation. Then, it is examined 
whether or not any positive effect can be achieved on the production. , i 

r0135] For example by comparing the nucleotide sequence of homoserine dehydrogenase gene horn of a lysine- 
producing B-6 strain of Corynebacterium glutamicum (Appl. Microbiol. Biotechnol., 32: 269-273 (1989)) with the nu- 
ts cleotide sequence corresponding to the genome of Corynebacterium glutamicum ATCC 1 3032 accordingto thepresenj 
invention a mutation of amino acid replacement in which valine at the 59-position is replaced with alanine (Val59Ala) 
was identified A strain obtained by introducing this mutation into the ATCC 13032 strain by the gene replacement 
method can produce lysine, which indicates that this mutation is an effective mutation contributing to the production 

20 [Oiler Similarly by comparing the nucleotide sequence of pyruvate carboxylase gene pyc of the B-6 strain with the 
nucleotide sequence corresponding to the ATCC 1.3032 genome, a mutation of amino acid replacement in which proline 
at the 458-position was replaced with serine (Pro458Ser) was identified. A strain obtained by introducing this mutation 
into a lysine-producing strain of No. 58 (FERM BP-71 34) of Corynebacterium glutamicum free of this mutation shows 
an improved lysine productivity in comparison with the No. 58 strain, which indicates that this mutation is an effective 

25 mutation contributing to the production of lysine. 

[01 37] In addition, a mutation A1 a21 3Thr in glucose-6-phosphate dehydrogenase was specified as an effective mu- 
tation relating to the production of lysine by detecting glucose-6-phosphate dehydrogenase gene zurf of the B-6 strain. 
[0138] Furthermore the lysine-productivity of Corynebacterium glutamicum was improved by replacing the base at 
the 932-position of aspartokinase gene lysC of the Corynebacterium glutamicum ATCC 13032 genome with cytosine 

so to thereby replace threonine at the 31 1 -position by isoleucine, which indicates that this mutation is an effective mutation 
contributing to the production of lysine. «. 
[01 391 Also as another method to examine whether or not the identified mutation point is an effective mutation, there 
is a method in which the mutation possessed by the lysine-producing strain is returned to the sequence of a wild type 
strain by the gene replacement method and whether or not it has a.negative influence on the lysine productivity. For 

35 example when the amino acid replacement mutation Val59Ala possessed by horn of the lysine-producing B-6 strain 
was returned to a wild type amino acid sequence, the lysine productivity was lowered in companson with the B-6 strain. 
Thus it was found that this mutation is an effective mutation contributing to the production of lysine. 
[0140] Effective mutation points can be more efficiently and comprehensively extracted by combining, if needed, the 
DNA array analysis or proteome analysis described below. 
.40 . ■ . • . 

. 6. Method of breeding. industrially advantageous production strain 

[0141] it has been a general practice to construct production strains, which are used industrially in the fermentation 
production of the target useful substances, such as amino acids, nucleic acids, vitamins, saccharides, organic acids, 
45 and the like, by repeating mutagenesis and breeding based on random mutagenesis using mutagens, such as NTG 
or the like, and screening. 

[01 42] In recent years, many examples of improved production strains have been made through the use of recom- 
binant DNA techniques. In breeding, however, most of the parent production strains to be improved are mutants ob- 
tained by a conventional mutagenic procedure (W. Leuchtenberger, Amino Acids - Technical Product™ and Use In: 
so Roehr(ed) Biotechnology, second edition, vol. 6, products of primary metabolism. VCH VerlagsgesellschaftmbH, Wein- 

heim, P 465 (1996)). • 
[0143] Although mutagenesis methods have largely contributed to the progress of the fermentatton industry, they 
suffer from a serious problem of multiple, random introduction of mutations into every part of the chromosome. Since 
many mutations are accumulated in a single chromosome each time a strain is improved, a production strain obtained 
55 by the random mutation and selecting is generally inferior in properties (for example, showing poor growth, delayed 
consumption of saccharides, and poor resistance to stresses such as temperature and oxygen) to a wild type strain, 
which brings about troubles such as failing to establish a sufficiently elevated productivity, being frequently contami- 
nated with miscellaneous bacteria, requiring troublesome procedures in culture maintenance, and the like, and, in its 
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turn, elevating the production cost in practice. In addition, the improvement in the productivity is based on random 
rnutat.ons^and thus the mechanism thereof is unclear. Therefore, it is very difficult to plan a rational breeding strategy 
tor the subsequent improvement in the productivity. ' - 

[0144] According to the present invention, effective mutation points contributing to the. production can be efficiently 

hrPdl!nm a T° n9 K ma r y mUta I i0 l! ^ accumu,ated in th * chromosome of .a production strain which has been 
bred from coryneform bactena and, therefore, a novel breeding method of assembling these effective mutations in the 
coryneform bactena can be established. Thus, a useful production strain can be reconstructed. It is also possible to' 
construct a useful production strain from a wild type strain. ' p 

[0145] Specifically, a useful mutant can be constructed in the following manner 

[0146] One of the mutation points is incorporated into a wild type strain of coryneform bacteria. Then , it is examined 
Z«1 V 1°LT 8 P °T \ B iS established on the Production. When a positive effect is obtained, the mutation point 
k saved. When no effect ,s obtamed, the mutation point is removed. Subsequently, only a strain having the effective 

2!! P0I > 18 T f ,he Parent Strain - and the same P™«dure is repeated. In general/the effectiveness of a 
mutation positioned ups ream cannot be clearly evaluated in some cases when there is a rate-determining point in the 

downslrearn * pathWay 11 18 therefore P referred t0 successively evaluate mutation points upward from 

£l 4 ?h.n? f reC ° nstitUti " 9 ef ! ective mutations by the method as described above in a wild type strain or a strain which 
has a high growth speed or the same ability to consume-saccharides as the wild type strain, it is possible to construct 
an industrially advantageous strain which is free of troubles in the previous methods as described above and to conduct 
fermentation production using such strains within a short time or at a higher temperature 

[0148] For example, a lysine-producing mutant B-6 (Appl. Microbiol. Biotechnol., 32: 262-273 (1989)) which is ob- 
tained by multiple rounds of random mutagenesis from a wild type strain Corynebacterium glutamicum ATCC 1 3032 
enables lysme fermentation to be performed at a temperature between 30 and 34°C but shows lowered growth and 
lysme productivity at a temperature exceeding 34-C. Therefore, the fermentation temperature should be maintained 

V<- °« T r ' C ° ntraSt theret °' thS P roduction strain described in the above item 5, which is obtained ^'recon- 
stituting effect,ve mutations relating to lysine production, can achieve a productivity at 40 to 42°C equal or superior to • 
he result obtamed by cu.turing at 30 to 34«C. Therefore, this strain is industrially advantageous since it can save the 

load of cooling during the fermentation. ' ' r 

^JLn'T CU '!T Sh ° U L d be CarriSd ° Ut at 3 hi9h tem P erature ceding 43°C, a production strain capable of 
conducting fermentation production at a high temperature exceeding 43°C can be obtained by reconstituting useful 

US? ^^^^^^"Oinfltothegenus Coo,n e b aCte „ um whi C h can grow at high temperature exceeding 
43 C. Examples of the microorganism capable of growing at a high temperature exceeding 43»C include Corvnebac- 
FERM t £™ 0aminogenes ' such as Corynebacterium thermoaminogenes FERM 9244, FERM 9245, FERM 9246 and 

[0150] A strain having a further improved productivity of the target product can be obtained using the thus recon- 
s meted 8trai " a * the P arent strain a " d ^rther breeding it using the conventional mutagenesis method, the gene am- 
fhl™ T 1 5 f ^ replacement method usin 9 the recombinant DNA technique, the transduction method or 

the cell fusion method. Accordingly, the microorganism of the present invention includes, but is not limited to a mutant 
a cell fusion strain, a transformant, a transductant or a recombinant strain constructed by using recombinant DNA 

^ "l^ ! 9 38 11 T PrpdUdn9 Strain ° btained Via the Step °' cumulating at least two effective mutations in 
a coryneform bacteria in the course of breeding. 

[0151] When a mutation point judged as being harmful to the growth or production is specified, on the other hand 

! c^lTf t ^TnL° r n ^ he Pr ° dUCin9 Strain 31 PrGSent C ° ntainS the mutation P° int - Whe " jt has t"e mutation,' 
it can be returned to the wild type gene and thus a further useful production strain can be bred 

SSL™ 8 S r6 f di ?, 9 T h ° d 33 described above is applicable to microorganisms, other than coryneform bacteria : 
which have industrially advantageous properties (for example, microorganisms capable of quickly utilizing less expen- 
sive carbon sources, microorganisms capable of growing at higher temperatures). 

7. Production and utilization of polynucleotide array 

so • . - 

(1) Production of polynucleotide array 

I0 J, 531 JP^^ 0 ^ arra V c ^n be produced using the polynucleotide or oligonucleotide of the present invention 
obtained in the above items 1 and 2. 

55 [0154] Examples include a polynucleotide array comprising a solid support to which at least one of a polynucleotide 
comprising he nucleotide sequence represented by SEQ ID NOS:2 to 3501 , a polynucleotide which hybridizes with 
he polynucleotide under stringent conditions, and a polynucleotide comprising 10 to 200 continuous nucleotides in 
the nucleotide sequence of the polynucleotide is adhered; and a polynucleotide array comprising a solid support to 
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which at least one of a polynucleotide encoding a polypeptide comprising the amino acid sequence represented by 
any one of SEQ ID NOS:3502 to 7001, a polynucleotide which hybridizes with the polynucleotide under stringent 
conditions, and a polynucleotide comprising 10 to 200 continuous bases in the nucleotide sequences of the polynu- 
cleotides is adhered. 

5 [0155] Polynucleotide arrays of the present invention include substrates known in the art, such as a DNA chip, a 
DNA microarray and a DNA macroarray, and the like, and comprises a solid support and plural polynucleotides or 
fragments thereof which are adhered to the surface of the solid support. 
[0156] Examples of the solid support include a glass plate, a nylon membrane, and the like. 
[0157] The polynucleotides or fragments thereof adhered to the surface of the solid support can be adhered to the 

10 surface of the solid support using the' general technique for preparing arrays. Namely, a method in which they are 
adhered to a chemically surface-treated solid support, for example, to which a polycation such as polylysine or the like 
has been adhered (Nat. Genet, 21: 1 5-1 9 (1999)). The chemically surf ace-treated supports are commercially available 
and the commercially available solid product can be used as the solid support of the polynucleotide array according 
to the present invention. 

*5 [0158] ' As the polynucleotides or oligonucleotides adhered to the solid support, the polynucleotides and oligonucle- 
otides of the present invention obtained in the above items 1 and 2 can be used. 

[01 59] The analysis described below can be efficiently performed by adhering the polynucleotides or oligonucleotides 
to the solid support at a high density, though a high fixation density is not always necessary. 

[0160] Apparatus for achieving a'high fixation density, such as an arrayer robot or the like, is commercially available 
20 from Takara Shuzo (GMS41 7 Arrayer), and the commercially available product can be used. 

[0161] Also, the oligonucleotides of the present invention can be synthesized directly on the solid support by the 
photolithography method or the like (Nat. Genet., 21/20-24 (1999)). In this method, a linker having a protective group 
which can be removed by light irradiation is first adhered to a solid support, such as a slide glass or the like. Then, it ' 
is irradiated with light through a mask (a photolithograph mask) permeating light exclusively at a definite part of the 
25 adhesion part. Next, an oligonucleotide having a protective group which can be removed by light irradiation is added 
to the part. Thus, a ligation reaction with the nucleotide arises exclusively at the irradiated part. By repeating this 
procedure, oligonucleotides, each having a desired sequence, different from each other can be synthesized in respec- 
tive parts. Usually, the oligonucleotides to be synthesized have a length of 10 to 30 nucleotides. * 

30 (2) Use of polynucleotide array *' . 

[0162] The following procedures (a) and (b) can be carried out using the polynucleotide array prepared in the above 
(1). 

35 (a) Identification of mutation point of coryneform bacterium mutant and analysis of expression amount and expression 
profile of gene encoded by genome 

[0163] By subjecting a gene derived from a mutant of coryneform bacteria or an examined gene to the following 
steps (i) to (iv), the mutation point of the gene can be identified or the expression amount and expression profile of the 
40 gene can be analyzed: 1 . . ■ 

(i) producing a polynucleotide array by the method of the above (1); 

(ii) incubating polynucleotides immobilized on the polynucleotide array together with the labeled gene derived from 
a mutant of the coryneform bacterium using the polynucleotide array produced in the above (i) under hybridization 

45 conditions; 

(Hi)' detecting the hybridization; and 
(iv) analyzing the hybridization data. 

[0164] The gene derived from a mutant of coryneform bacteria or the examined gene include a gene relating to 
so biosynthesis of at least one selected from amino acids, nucleic acids, vitamins, saccharides, organic acids, and ana- 
logues thereof. 

[0165] The method will be described in detail. 

[0166] A single nucleotide polymorphism (SNP) in a human region of 2,300 kb has been identified using polynucle- 
otide arrays (Science, 280: 1 077-82 (1998)). In accordance with the method of identifying SNP and methods described 
55 in Science, 278: 680-686 (1 997); Proc. Natl. Acad. Sci. USA, 96: 1 2833-38 (1 999); Science, 284: 1 520-23 (1 999) : and 
the like using the polynucleotide array produced in the above (1 ) and a nucleic acid molecule (DNA, RNA) derived from 
coryneform bacteria in the method of the hybridization, a mutation point of a useful mutant/which is useful in producing 
an amino acid, a nucleic acid, a vitamin, a saccharide, an organic acid, or the tike can be identified and the gene 
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expression amount and the expression profile thereof can be analyzed 

[0167] The nucleic acid molecule (DMA, RNA) derived from the coryneform bacteria can be obtained accordina to 
the general method described in Molecular Cloning. 2nd ed. or the .ike. mRN A derived from CorynTact^m aTtim, 

rn^T Sl° bS ° btained ^ meth ° d ° f BOmlann et 3L {Mo,ecular Aerobiology. 6: 31 7-326 ^T^ZZl'Te 
[0168] Although ribosomal RNA (rRNA) is usually obtained in large excess in addition to the ta get mRNA the anal- 
ysis is not seriously disturbed thereby. . iciyeimniNA, me anai 

[0169] The resulting nucleic acid molecule derived from coryneform bacteria is labeled. Labeling can be carried out 
according to a method using a fluorescent dye, a method using a radioisotope or the like 

[0170] Specific examples include a labeling method in which psoraien-biotin is crosslinked with RNA extracted from 
a microorganism and after hybridization reaction, a fluorescent dye having streptoavidin bound theYeto Jb to 
the biotm moiety^A/ar. B.ptechnol., 16. 45-48 (1998)); a labeling method in which a reverse transcription reaction £ 
earned out using RNA extracted fr 0; m a microorganism as a template and random primers as primers, aS?P ha^Z ' 

(Proc. Natl. Acad. Set. USA, 96: 12833-38 (1999)); and the like. 

f? ■ T h ;^ lin9 specifici *V can be ^proved by replacing the random primers by sequences complementary to 
the 3 -end of ORF (J. Bacterid., 181: 6425-40 (1999)) complementary to 

mlthnH ,£ l h « hy f ri K' Zat ' 0n meth '° d ' thG h y bridi2ation and subsequent washing can be carried out by the general 
method (Nat. Bioctechnol., 14:. 1675-80 (1996), or the like). : 9 enerdl 

[0173] Subsequently, the hybridization intensity is measured depending on the hybridization amount of the nucleic 
TanZZZlZ ' abeling - ThUS ' mUtati ° n P ° int be ^ entif i6d - d the expression amount oUhe gtne 

!f- ri * , ^ i0 " : ' nt?n8ityCan be ^asured-by visualizing the fluorescent signal, radioactivity, luminescence 
dose and the like, using a laser confocal microscope, a CCD camera, a radiation imaging device (for example STORM 
,5 "^« M *'"' d > ^ham Pharmacia Biotech), andthe like, and then quantifying the thus visualized daS 

[0175] A polynucleotide array on a solid support can also be analyzed and quantified using a commercially available 
apparatus, such, as GMS418 Array Scanner (manufactured by Takara Shuzo) orthe like om rnerc,ally available 

[0176] The^eneexpressipnamountcanbeanalyzedusingacommercialiyavailablesoftwaretforexample ImaGene 
Ta" Ph b ^ akar ^ ShuZO = Arra V G ^ manufactured by Fuji Photo Film; ImageQuant manufacS * Amer 
sham Pharmacia Biotech, orthe like). =uuy«mer 

30 [ k! 771 , A f '" Ctuati0n in the ex P res *i°n amount of a specific gene can be monitored using a nucleic acid molecule 
obtained m the t me course of culture as the nucleic acid molecule derived from coryneform bacterid ^Th™*,* e 
conditions can be optimized by analyzing the fluctuation : Ure 

nnmJL eXpre ^'° n ^ of ,he micrdorganism at the total gene level (namely, which genes among a great 
number of genes encoded by the genome have been expressed and the expression ratio thereof) can be determined 

ZZ £ T^rT"' 6 haVin9 ?eqUenC6S ° f many 9eneS determined ,r ° m the f u " 9enoL sequence" he 
and* Tt In Z h heeX 1 preSS J on amounl of the genes determined by the full genome sequencecan be analyzed 
gene "eve. ° 9 ° '° nS ° f microor 9 anism can be recognized as the expression pattern at the full 

40 (b) Confirmation of the presence of gene homologous to examined gene in coryneform'bacteria ' 

rSrm T^l " * n0molo 9 ous to ^examined gene, which is present in an organism other than co- 
above 0) ^ ln COrVnef0rm baCteria Can be detected usi "9 * e Polynucleotide array prepared in the 

45 rlrh-L™ 8 deteCti0 " can be out fa y a method in which an examined gene which is present in an organism 

the abol TTT T X T iS USGd inSt6ad ° f the nUC ' eiC acid molecule derived from coryneform bacteria used Tn 
the above identification/analysis method of (1). 

^SSrSr 9en ° me nUC ' e0tide SeqUenCe ° RF d3ta bei " 9 readab,e b * a and 



50 



55 



[0181] The term record.ng medium or storage device which is readable by a computer means a recording medium 
or storage medium which can be directly readout and accessed with a computer. Examp.es include magneti^ reading 
™ o ™ n. 3 PPy ' 3 diSk ' 8 magnetiC t3pe ' and the like '- °P tical recording media, such as CD-ROM 

S and h" H H PV ^ ROM ' DVD " RAM ' DV °- RW ' 3nd thS Hke; 6leCtriC reC ° rdin 9 media ' such - RAM, ROM andthe 
Jf™ ^ 56 cate 9° r,es ('or example, magnetic/optical recording media, such as MO and the like) 

[0182] Instruments for recording or inputting in or on the recording medium or instruments or devices for reading out 
the information ,n the recording medium can be appropriately selected, depending on the type of the recording medium 



BNSDOCID: <EP 1 108790A2_I_> 



20 



EP 1 108 790 A2 

and the access device utilized. Also, various data processing programs, software, comparator and formats are used 
for recording and utilizing the polynucleotide sequence information or the like, of the present invention in the recording 
medium. The information can be expressed in the form of a binary file, a text file or an ASCII file formatted with com- 
mercially available software, for example. Moreover, software for accessing the sequence information is available and 

5 known to one of ordinary skill in the art. 

[0183] Examples of the information to be recorded in the above-described medium include the full genome nucleotide 
sequence information of coryneform bacteria as obtained in the above item 2, the nucleotide sequence information of 
ORF, the amino acid sequence information encoded by the ORF, and the functional information of polynucleotides 
coding for the amino acid sequences. 

w [0184] The recording medium or storage device which is readable by a computer according to the present invention 
refers to a medium in which the information of the present invention has been recorded. Examples include recording 
media or storage devices which are readable by a computer storing the nucleotide sequence information represented 
by SEQ ID NOS:1 to 3501, the amino acid sequence information represented by SEQ ID NOS:3502 to 7001, the 
functional information of the nucleotide sequences represented by SEQ ID NOS:1 to 3501 , the functional information 

15 of the amino acid sequences represented by SEQ ID NOS:3502 to 7001 , and the information listed in Table 1 below 
and the like. 

9. System based on a computer using the recording medium of the present invention which is readable by a computer 

20 [0185] The term "system based on a computer" as used herein refers a system composed of hardware device(s); 
software device(s), and data recording device(s) which are used for analyzing the data recorded in the recording me- 
dium of the present invention which is readable by a computer. 

[01 86] The hardware device(s) are, for example, composed of an input unit, a data recording unit, a central processing 
unit and an output unit collectively or individually. 

25 [0187] By the software device(s), the data recorded in the recording medium of the present invention are searched 
or analyzed using the recorded data and the hardware device(s) as described herein. Specifically, the software device 
(s) contain at least one program which acts on or with the system in order to screen, analyze or compare biologically 
meaningful structures or information from the nucleotide sequences, amino acid sequences and the like recorded in 
the recording medium according to the present invention. 

30 [0188] Examples of the software device(s) for identifying ORF and EMF domains include GeneMark (Nuc. Acids. 
Res., 22. 4756-67 (1994)), GeneHacker (Protein, Nucleic Acid and Enzyme, 42: 3001-07 (1997)), Glimmer (The Insti- 
• tute of Genomic Research; Nuc. Acids. Res., 26: 544-548 (1 998)) and the like. In the process of using such a software 
device, the default (initial setting) parameters are usually used, although the parameters can be changed, if necessary, 
in a manner known to one of ordinary skill in the art. 

35 [0189] Examples of the software device(s) for identifying a genome domain or a polypeptide domain analogous to 
the target sequence or the target structural motif (homology searching) include FASTA, BLAST, Smith-Waterman, 
GenetyxMac (manufactured by Software Development), GCG Package, (manufactured by Genetic Computer Group), 
GenCore (manufactured by Compugen), and the like. In the process of using such a software device, the default (initial 
setting) parameters are usually used, although the parameters can be changed, if necessary, in a manner known to 

40 one of ordinary skill in the art. 

[0190] Such a recording medium storing the full genome sequence data is useful in preparing a polynucleotide array 
by which the expression amount of a gene encoded by the genome DNA of coryneform bacteria and the expression 
profile at the total gene level of the microorganism,' namely, which genes among many genes encoded by the genome 
. have been expressed and the expression ratio thereof, can be determined. 

45 [0191] The data recording device(s) provided by the present invention are, for example, memory device(s) for re- 
cording the data recorded in the recording medium of the present invention and target sequence or target structural 
motif data, or the like, and a memory accessing device(s) for accessing the same. 

[01 92] Namely, the system based on a computer according to the present invention comprises the following: 

so (j) a user input device that inputs the information stored in the recording medium of the present invention, and 

target sequence or target structure motif information; 

(ii) a data storage device for at least temporarily storing the input information; 

(iii) a comparator that compares the information stored in the recording medium of the present invention with the 
target sequence or target structure motif information, recorded by the data storing device of (it) for screening and 

55 analyzing nucleotide sequence information which is coincident with or analogous to the target sequence or target 

structure motif information; and 

(iv) an output device that shows a screening or analyzing result obtained by the comparator. 
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[01 93] This system is usable in the methods in items 2 to 5 as described above for searching and analyzing the ORF 
and EMF domains, target sequence, target structural motif, etc. of a coryneform bacterium, searching homologs 
searching and analyzing isozymes, determining the biosynthesis pathway and the signal transmission pathway and 
identifying spots which have been found in the proteome analysis. The term "homologs" as used herein includes both 
of orthologs and paralogs. 

10. Production of polypeptide using ORF derived from coryneform bacteria . 

[0194] The polypeptide of the present invention can be produced using a polynucleotide comprising the ORF obtained 
in the above item 2. Specifically, the polypeptide of the present invention can be produced by expressing the polynu- 
. cleotide of the present invention or a fragment thereof in a host cell, using the method described in Molecular Cloning, 
2nd ed., Current Protocols in Molecular Biology, and the like, for example, according to the following method. : 
[0195] A DNA fragment having a suitable length containing a part encoding the polypeptide is prepared from the full 
length ORF. sequence, if necessary. 
'5 [0196] Also, DNA in which nucleotides in a nucleotide sequence at a part encoding the polypeptide of the present 
invention are replaced to give a codon suitable for expression of the host cell, if necessary. The DNA is useful for 
efficiently producing the polypeptide of the present invention. 

[0197] A recombinant vector is prepared by inserting the DNA fragment into the downstream of a promoter in a 
suitable expression vector. : . 

[0198]. The recombinant vector is introduced to a host cell suitable for the expression vector. 

[0199] Any of bacteria, yeasts, animal cells, insect cells, plant cells, and the like can be used as the host cell so long 
as it can be expressed in the gene of interest. 

[0200] f Examples of the expression vector include those which can replicate autonomously in the above described" 
host cell or can be integrated into chromosome and have a promoter at such a' position that the DNA encoding the 
polypeptide of the present invention can be transcribed. ; 
[0201] When a procaryote cell, such as a bacterium or the like, is used as the host cell, it is preferred that the 
recombinant vector containing the DNA encoding the polypeptide of the present invention can replicate autonomously 
in the bacterium and is a recombinant vector constituted by, at least a promoter, a ribosome binding sequence, the 
DNA of the present invention and a transcription termination sequence. A promoter controlling gene can also be con- 
30 tained therewith in operable combination. 

[0202] Examples of the expression vectors include a vector plasmid which is replicable in Corynebacterium gtutami- . 
cum, such as pCGI (Japanese Published Unexamined Patent Application No. 134500/82), pCG2 (Japanese Published 
Unexamined Patent Application No. 35197/83), pCG4 (Japanese Published Unexamined Patent Application No. 
183799/82), pCG11 (Japanese Published Unexamined Patent Application No. 134500/82), pCG1 16, pCE54 and 
PCB101 (Japanese Published Unexamined Patent Application No. 1 05999/83), pCE51 , pCE52 and pCE53 (Mol. Gen. 
Genet, 196: 1 75-1 78 (1 984)) : and the like; a vector plasmid which is replicable in Escherichia coti, such as pET3 and 
pET11 (manufactured by Stratagene), pBAD, pThioHis and pTrcHis (manufactured by Invitrogen), pKK223-3 and 
PGEX2T (manufactured by Amersham Pharmacia Biotech), and the like; and pBTrp2, pBTad and pBTac2 (manufac- 
tured by Boehringer Mannheim Co.), pSE280 (manufactured by Invitrogen), pGEMEX-1 (manufactured by Promega) " 
pQE-8 (manufactured by QIAGEN) : pKYP10 (Japanese Published Unexamined Patent Application No 110600/83)' 
PKYP200 (Agria Biol. Chem., 48: 669 (1984)), pLSA1 (Agric. Biol. Chem., 53: 277 (1989)), pGEL1 (Proc Natl Acad 
Set. USA, 82: 4306 (1 985)), pBluescript II SK(-) (manufactured by Stratagene), P Trs30 (prepared from Escherichia coli 
JM109/pTrS30 (FERM BP-5407)), P Trs32 (prepared from Escherichia co// JM109/pTrS32 (FERM BP-5408)) pGHA2 
(prepared from Escherichia coli IGHA2 (FERM B-400), Japanese Published Unexamined Patent Application No 
221 091/85), pGKA2 (prepared from Escherichia coli IGKA2 (FERM BP-6798), Japanese Published Unexamined Patent 
Application No. 221091/85), P Term2 (U.S. Patents 4,686,191, 4,939,094 and 5,160,735), pSupex pUB110 pTP5 
pC1 94 and pEG400 {J. Bacieriol., 172: 2392 (1 990)), pGEX (manufactured by Pharmacia), pET system (manufactured 
by Novagen), and the like. 

[0203] Any promoter can be used so long as it can function in the host cell. Examples include promoters derived 
from Escherichia coli, phage and the like, such as trp promoter (P trp ) , lac promoter, P L promoter, P R promoter, T7 
promoter and the like. Also, artificially designed and modified promoters, such as a promoter in which two Ptrp are 
linked in series (P +rp x2) , tac promoter, /acT7 promoter let\ promoter and the like, can be used. 

[0204] It is preferred to use a plasmid in which the space between Shine-Dalgarno sequencewhich is the ribosome . 
bmding sequence and the initiation codon is adjusted to an appropriate distance (for example, 6 to 18 nucleotides). ; 
[0205] The transcription termination sequence is not always necessary for the expression of the DNA of the present 
invention. However, it is preferred to arrange the transcription terminating sequence at just downstream of the structural 
gene. 

[0206] One of ordinary skill in the art will appreciate that the codons of the above-described elements may be opti- 
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mized, in a known manner, depending on the host cells and environmental conditions utilized. 
[0207] Examples of the host cell include microorganisms belonging to the genus Escherichia, the genus Serratia, 
the genus Bacillus, the genus Brevibacterium, the genus Corynebactehum, the genus Microbacterium, the genus Pseu- 
domonas, and the tike. Specific examples include Escherichia co//'XL1-Blue, Escherichia coli XL2-Blue, Escherichia 

5 coli DH1, Escherichia coli MC1000, Escherichia coli KY3276, Escherichia coli W1485, Escherichia coli JM109, Es- 
cherichia CO//HB101 , Escherichia co//No. 49, Escherichia coli W3110, Escherichia coli NY49, Escherichia co//GI698, 
Escherichia coli TB1, Serratia ticaria, Serratia fonticola, Serratia liquefaciens, Serratia marcescens, Bacillus subtilis, 
Bacillus amyloliquefaciens, Corynebactehum ammonia genes, Brevibacterium immahophilum ATCC 14068, Brevibac- 
terium saccharolyticum ATCC 1 4066, Corynebactehum glutamicum ATCC 1 3032 , Corynebactehum glutamicum ATCC 

w 1 3869, Corynebactehum glutamicum ATCC 1 4067 (prior genus and species: Brevibacterium flavum), Corynebactehum 
glutamicum ATCC 1 3869 (prior genus and species: Brevibacterium lactotermentum, or Corynebactehum lactofermen- 
tum), Corynebactehum acetoacidophii ] um ATCC 1 3870, Corynebactehum thermoaminogenes FERM 9244 : Microbac- 
terium ammoniaphilum ATCC 1 5354, Pseudomonas putida, Pseudomonas sp. D-01 1 0, and the like. 
[0208] When Corynebactehum glutamicum or an analogous microorganism is used as a host, an EMF necessary 

is for expressing the polypeptide is not always contained in the vector so long as the polynucleotide of the present in- 
vention contains an EMF. When the EMF is not contained in the polynucleotide, it is necessary to prepare the EMF 
separately and ligate it so as to be in operable combination. Also, when a higher expression amount or specific ex- 
pression regulation is necessary, it is necessary to ligate the EMF corresponding thereto so as to put the EMF in 
operable combination with the polynucleotide. Examples of using an externally ligated EMF are disclosed in Microbi- 

20 ology 142: 1297-1309 (1996). 

[0209] With regard to the method for the introduction of the recombinant vector, any method for introducing DNA into 
the above-described host cells, such as a method in which a calcium ion is used (Proc. Natl. Acad. Sci. USA, 69: 2110 
(1972)), a protoplast method (Japanese Published Unexamined Patent Application No. 2483942/88), the methods 
described in Gene, 17: .107 (1982) and Molecular & General Genetics, 168: 111 (1979) and the like, can be used. 

25 [0210] When yeast is used as the host cell, examples of the expression vector include pYES2 (manufactured by 
Invitrogen), YEp13 (ATCC 37115), YEp24 (ATCC 37051), YCpSO (ATCC 37419), pHS19, pHS15, and the like. 
[0211] Any promoter can be used so long as it can be expressed in yeast. Examples include a promoter of a gene 
in the glycolytic pathway, such as hexose kinase and the like, PH05 promoter, PGK promoter, GAP promoter, ADH 
promoter, gal 1 promoter, gal 10 promoter, a heat shock protein promoter, MFal promoter, CUP 1 promoter, and the like. 

30 [0212] Examples of the host cell include microorganisms belonging to the genus Saccharomyces, the genus 
Schizosaccharomyces, the genus Kluyveromyces, the genus Trichosporon, the genus Schwanniomyces, the genus 
Pichia, the genus Candida and the like. Specific examples include Saccharomyces cerevisiae, Schizosaccharomyces 
pombe, Kluyveromyces lactis, Thchosporon pullulans, Schwanniomyces alluvius, Candida utilis and the like. 
[021 3] With regard to the method for the introduction of the recombinant vector, any method for introducing DNA into 

35 yeast, such as an electroporation method (Methods. Enzymol., 194: 182 (1990)), a spheroplast method (Proc. Natl. 
Acad. Sci. USA, 75: 1929 (1978)), a lithium acetate method (J. BacterioL, 153: 163 (1983)), a method described in 
Proc. Natl. Acad. Sci. USA, 75: 1929 (1978) and the like, can be used. 

[0214] When animal cells are used as the host cells, examples of the expression vector include pcDNA3.1 ; pSinRepS 
and pCEP4 (manufactured by Invitorogen), pRev-Tre (manufactured by Clontech), pAxCAwt (manufactured by Takara 
40 Shuzo),-pcDNAI and pcDM8 (manufactured by Funakoshi), pAGE107 (Japanese Published Unexamined Patent Ap- 
plication No. 22979/91 ; Cytotechnology, 3:133 (1990)), pAS3-3 (Japanese Published Unexamined Patent Application 
No. 227075/90), pcDM8 (Nature, 329: 840 (1987)), pcDNAI/Amp (manufactured by Invitrogen), pREP4 (manufactured 
by Invitrogen), pAGE103 (J. Biochem., 101: 1307 (1987)), pAGE210, and the like. 

[0215] Any promoter can be used so long as it can function in animal cells. Examples include a promoter of IE 
45 (immediate early) gene of cytomegalovirus (CMV), an early promoter of SV40, a promoter of retrovirus, .a metal- - 
lothionein promoter, a heat shock promoter, SRa promoter, and the like, Also, the enhancer of the IE gene of human 
CMV can be used together with the promoter. 

[0216] Examples of the host cell, include human Namalwa cell, monkey COS cell, Chinese hamster CHO cell, 
HST5637 (Japanese Published Unexamined Patent Application No. 299/88), and the like. 
so [0217] The method for introduction of the recombinant vector into animal cells is not particularly limited, so long as 
it is the general method for introducing DNA into animal cells, such as an electroporation method (Cytotechnology, 3: 
133 (1990)), a calcium phosphate method (Japanese Published Unexamined Patent Application No. 227075/90), a 
lipofection method (Proc. Natl. Acad. Sci. USA, 84, 7413 (1987)), the method described in Virology 52: 456 (1973), 
and the like. 

55 [021 8] When insect cells are used as the host cells, the polypeptide can be expressed, for example, by the method 
described in Bacurovirus Expression Vectors, A Laboratory Manual, W.H. Freeman and Company, New York (1992), 
Bio/Technology 6: 47 (1988), or the Ijke. 

[021 9] Specifically, a recombinant gene transfer vector and bacurovirus are simultaneously inserted into insect cells 
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[0222] Examples of the insect cells include Spodoptera fruoioGrda nnrvt^c Qfa q „h o f on /o 

0987)5 an! HheTe APP ' iCati0n 22?075/90) ' ' iP0feCti6n method ( P - ™ «»* ScTusl S ^ 

» SSL v^^^eT^ " h ° St CeNS ' e * am " eS rt ^.on vector include af! p.asmid, a tobacco 

20 Krod^ ihn Sl?-^ "T^T reCOmbinant vector is "«* Particularly limited, so long as it is the general method 
^Hcatfon No Zbm£ T ' " method (Japanese PubLed UnexaminedTatent 

Application No. 140885/84, Japanese Published Unexamined Patent Application No. 70080/85 WO 94/00977* the 

" SLtrrf P "" m inV *"' i0n lnoludes a "»"=">""»"• containing poiypoptide of ,h e pres.™ 

30 SnbTo*Z^ 

cuS mIdh 1 mt rPePti < ? e Ca " ? Pr ° dUCed by CU ' tUrin 9 the thus obtained transformant of the present invention in a 

!r,r T , PrGdUCe and accumulate the Polypeptide of the present invention or any polypeptide 
S.1 cTu7na of^h f °? e PreS r inVenti ° n ' reC ° Verin9 the polypeptide from thecuS ' 

c reLrmTt 9 ho°d f ^sssr invention in a — — - — «* — - *. 

S 0^^^^^ ° f '"f P TU inVenti ° n " 0btained USin 9 a such as cotfor 

J« ite, or a eukaryote, sxh as yeast or the like, as the host, the transformant is cutored 

[0233] Any of a natural medium and a synthetic medium can be used, so long as it contains a carbon *n„™ * 

crrso^s^ 

hydrates ffor examote a^ofT ^ th0Se which can be assimilated by the transformant, such as carbo- 

I S ! P ' 9 ' rUCt0SS ' SUCrose ' molasses containing them, starch, starch hydrolysate and the like) 
organ,^ 

acSore^TJi? f nitr ° 9 !? S ° UrCe inClUde amm ° nia ' Various ammonium salts of inorganic acids or organic 
acids (for example, ammonium chloride, ammonium sulfate, ammonium acetate, ammonium phosphate and the S 

blan mP T n H COnt r in9 ™« "tract, yeast extract, corn steep liquor caS Trysail sov 

SSn t^Z r 0 mea ' hyd :° lySate ' Vari ° US f6rmented Ce " S and "V^'y-tes P thereo;, and theC" ' ' 
[0236J Examples of inorganic salt include potassium dihydrogen phosphate, dipotassium hydrogen phosohate maa 

sskes ,r nesium sul,ate ' sodium chioride ' ferrous su,fate ' ™— s^z^^st:^ 

J h Th CU ' tU r n9 iS ° arried ° Ut UndCr aer ° biC conditions b y shaking culture, submerged-aeration stirring culture 

S^T^pToTSnr 1 " TIT'* ,r ° m 15 t0 4 °° C ' 3nd thS CU ' tUrin 9 time iS 9— a »V ^ « W 
io / aays The pH of the medium is preferably ma.ntamed at 3.0 to 9.0 during the culturinq The D H can be adiustPri 

using an inorganic or organic acid, an alkali solution, urea, calcium carbonate 9 ammonia o'r thelike ' 
if necissary. 0 ' SUCh aS ampicillin ' tetracycline, and the like, can be added to the medium during the culturing, 
[0239] When a microorganism transformed with a recombinant vector containing an inducible promoter is cultured, 
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an inducer can be added to the medium, if necessary. 

[0240] For example, isopropyl-p-D-thiogalactopyranoside (IPTG) or the like can be added to the medium when a 
microorganism transformed with a recombinant vector containing lac promoter is cultured, or indoleacrylic acid (IAA) 
or the like can by added thereto when a microorganism transformed with an expression vector containing trp promoter 
5 is cultured. 

[0241] Examples of the medium used in culturing a transformant obtained using animal cells as the host cells include 
RPMI 1640 medium {The Journal of the American Medical Association, 199: 519 (1967)), Eagle's MEM medium {Sci- 
ence, 122: 501 (1952))', Dulbecco's modified MEM medium {Virology, fl, 396 (1959)), 199 Medium {Proceeding of the 
Society for the Biological Medicine, 73A (1950)), the above-described media to which fetal calf serum has been added, 
10 and the like. 

[0242] The culturing is carried out generally at a pH of 6 to 8 and a temperature of 30 to 40°C in the presence of 5% 
C0 2 for 1 to 7 days. 

[0243] Also, if necessary, antibiotics, such as kanamycin, penicillin, and the like, can be added to the medium during 
the culturing. > 

15 [0244] Examples of the medium used in culturing a transformant obtained using insect cells as the host cells include 
TNM-FH medium (manufactured by Pharmingen), Sf-900 II SFM (manufactured by Life Technologies), ExCell 400 and 
ExCell 405 (manufactured by JRH Biosciences), Grace's Insect Medium (Nature, 195: 788 (1962)), and the like. 
[0245] The culturing is carried out generally at a pH of 6 to 7 and a temperature of 25 to 30°C for 1 to 5 days, 
[0246], Additionally, antibiotics, such as gentamicin and the like, can be added to the medium during the culluring, if 

20 necessary. 

[0247] A transformant obtained by using a plant cell as the host cell can be used as the cell or after differentiating 
to a plant cell or organ . Examples of the medium used in the culturing of the transformant include Murashige and Skoog 
(MS) medium, White medium, media to which a plant hormone, such as auxin, cytokinine, or the like has been added, 
and the like. 

25 [0248] The culturing is carried out generally at a pH of 5 to 9 and a temperature of 20 to 40°C for 3 to 60 days. 

[0249] Also, antibiotics, such as kanamycin, hygromycin and the like, can be added to the medium during the cul- 
turing, if necessary. . 

[0250] As described above, the polypeptide can be produced by culturing a transformant derived from a microor- 
ganism, animal cell or plant cell containing a recombinant vector to which a DNA encoding the polypeptide of .the 
30 present invention has been inserted according to the general culturing method to produce and accumulate the polypep- 
tide, and recovering the polypeptide from the culture. • 

[0251] The process of gene expression may include secretion of the encoded protein production or fusion protein 
expression and the like in accordance with the methods described in Molecular Cloning, 2nd ed., in addition to direct 
expression. 

35 [0252] The method for producing the polypeptide of the present invention includes a method of intracellular expres- 
sion in a host cell, a method of extracellular secretion from a host cell, or a method of production on a host cell membrane 
outer envelope. The method can be selected by changing the host cell employed or the structure of the polypeptide 
produced. 

[0253] When the polypeptide of the present invention is produced in a host cell or on a host cell membrane outer 
40 envelope, the polypeptide can be positively secreted extracel Marly according. to, for example, the method of Paulson 
et al. (J. Biol. Chem., 264: 17619 (1989)), the method of Lowe et al. (Proc. Natl. Acad. Sci. USA, 86: 8227 (1989); 
Genes Develop., 4: 1 288 (1 990)), and/or the methods described in Japanese Published Unexamined Patent Application 
No. 336963/93, WO 94/23021, and the like. 

[0254] Specifically, the polypeptide of the present invention can be positively secreted extracel lularly by expressing 
45 it in the form that a signal peptide has been added to the foreground of a polypeptide containing an active site of the 
polypeptide of the present invention according to the recombinant DNA technique. 

[0255] Furthermore, the amount produced can be increased^ using a gene amplification system, such as by use of 
a dihydrofolate reductase gene or the like according to the method described in Japanese Published Unexamined 
Patent Application No. 227075/90. 
50 [0256] Moreover, the polypeptide of the present invention can be produced by.a transgenic animal individual (trans- 
genic nonhuman animal) or plant individual (transgenic plant). 

[0257] When the transformant is the animal individual or plant individual the polypeptide of the present invention 
can be produced by breeding or cultivating it so as to produce and accumulate the polypeptide, and recovering the 
polypeptide from the animal individual or plant individual. 
55 [0258] Examples of the method for producing the polypeptide of the present invention using the animal individual 
include a method for producing the polypeptide of the present invention in an animal developed by inserting a gene 
according to methods known to those of ordinary skill in the art (American Journal of Clinical Nutrition, 63: 639S (1 996), 
American Journal of Clinical Nutrition, 63. 627S (1 996), Bio/Technology, 9: 830 (1 991 )) . 
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[0259] 



fs 5 ^ 

tide in the animal, and recovering the ploeSl f I k " '"^^ l ° produce and accumulate the polypep- 

in the anima, include milk (Japanese ^S^iZ^S^^ « Pr ° dUCti ° n and ^«*«n P Z 
the animal. Any promoter can be used, so ong as Tea ^ t j^™ ^™ ^ 3091 92/88) ' egg and ,he <* 
casein promoter, a (p-casein promoter a P -.acto 9 oS %£%^J^T"?^ an «" 

are specific for mammary glandular cells Promoter, a whey acid.c protein promoter, and the like, which 

Elam^^^^ 

DN A encoding the protein of the prJSXSo* by a nown ? ^T" 9 * P ' ant t0 whi <* the 

(1994), Trends in Biotechnology 1545 (1 9Q7mZrL^l h Wssue Culture, 20(1994), Tissue Culture 21 

the polypeptide from the planf ° " ?,) * Pr ° dUCe and accum "'ate the polypeptide in the plant, and receding 

IS . s sss£ ssxr^sz: cin e r n ca ; a,so be obtained by *«—■ « * *a 

^■iwo^^^^^^^^^ by a translation system /, v ,tro. There are, f or 
method using UNA as a template. The template RNA iJ^Z T I' , ™ h ° d US ' ng RN/ ^ as a tem P ,ate a "d another 
and the ,ike. The template Dna inc.udes7 P fal^ 

therein and downstream o, the initiation JLT^S^iS^^rT"'^ * ^ integrated ' 
for the in vitro translation, the origin of the gene encodina ? h e oml? ? k ' T ° ^ ^ m ° St SUitab,e 
cel.), the type of the.tempiate (DN^/RNA), thTpurp'se ^us n g tSZSX (Pr ° kary °' iC cell/e - a ^tic 

ered. In vitro translation kits having various characters. 2 f ^ " and the ,ike sh °"'d be consid- 

ufactured by Promega, catelogi,. No. L1130) aT",™.5oLa, 7!. & ""' a Sl,8Mm "* Ci " ! ' Jla ' D « <™"' 

SET" — 8 

or the like to obtain a cell-free extract. Flt^SST' "IT" GaU ' in h ° mogenizer . a Dynomi.l, 
product can be obtained by the general method Ksec ffoS^S * " ntnfug,n 9 the extract, a purified 

traction. salting out using ammonium suifate or S ' 
change chromatography using a resin, such as tim^^S^T^TT USmg 30 ° rganic *° lvent . a ™" " 
by Mitsubishi Chemical) orthe like cation exchanne IZ™! * h P ° Se ' DIAION HPA " 75 Manufactured 

factured by Pharmacia) or the l^i^^S^SS^ * 8Uch 35 S - Se P ha — (manu- - 
rose orthe like, ge. filtration using a motec'tr ste^^^ : 
T T 10 ,OCUSin9 °" he like ' ^SST^ chromatofocusing, or electrophoresis, -. 
ameLnn^~^^ 
Next, the insoluble product of the polypeptide is so ubilized t h * he P^VPept.de as the precipitate fraction, 

is diluted or dialyzed to lower the ^ni o^tr*" enatUrinQ agent ' Tfl£ S0,Ubilized 
figuration of the pofypeptide ^rmO^^^i^T^^ *" M '° n ^ the n ° rmal co "- 
by a purification/isolation method similar to the above P * ° f the P o| yP e P«^ ^n be obtained 

Namely, the culture supernatant is obtained fcj toting ^ ^^»? tac «^1nth.comir..up Ml1 ? 

example, centrifugation). Then, a purified product ^ Kl^ t ! m 3 ,rea,ment ^'rnilar to the .above (for 
method similar to the above bta ' ned fr ° m the culture mediu ™ ^ing a purification/isolation ' 

10^ Tnepovpeptideobta^ 
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and examples include a polypeptide encoded by a polynucleotide comprising the nucleotide sequence selected from 
SEQ ID NOS:2 to 3431, and a polypeptide comprising an amino acid sequence represented by any one of SEQ ID 

Si 5 ^urthemore a polypeptide comprising an amino acid sequence in which at least one amino acids is deleted, 

5 eolaced inserted or added in the amino acid sequence of the polypeptide and having substantially the same act.vity 
as that of the polypeptide is included in the scope of the present invention. The term "substantially the same activity 
as that of the polypeptide" means the same activity represented by the inherent function, enzyme activity or the like 
possessed by the polypeptide which has riot been deleted, replaced, inserted or added. The polypeptide can be ob- 
tained using a method for introducing part-specific mutation(s) described in, ^f^'^^^^^^ 

10 Current Protocols in Molecular Biology, Nuc. Acids. Res., 10: 6487 (1 982), Proc. Natl. Acad. Sc. USA, 79. 6409 1 982), 
Gene 34- 31 5 (1 985), Nuc. Acids. Res., 13: 4431 (1 985), Proc. Natl. Acad. Sci. USA, &?: 488 (1 9B5) and the like. For 
example the polypeptide can be obtained by introducing mutation(s) to DNA encoding a polypeptide having the amino 
acid sequence represented by any one of SEQ ID NOS :3502 to 6931 . The number of the amino acids which are deleted, 
replaced; inserted or added is not particularly limited; however, it is usually 1 to the order of tens, preferably 1 to 20, 

is more preferably 1 to 10, and most preferably 1 to 5, amino acids. 

f0270] The at least one amino acid deletion, replacement, insertion or addition in the amino acid sequence of the 
polypeptide of the present invention is used herein to refer to that at least one amino acid is deleted, replaced, inserted 
or added to at one or plural positions in the amino acid sequence. The deletion, replacement, insertion or addition may 
be caused in the same amino acid sequence simultaneously. Also, the amino acid residue replaced, inserted or added 

20 can be natural or non-natural. Examples of the natural amino acid residue include L-alanine, L-asparagine, L-asparatic 
acid, L-glutamine. L-glutamic acid, glycine. L-histidine, L-isoleucine, L-leucine, L-lysine, L-methionine, L-phenylalan.ne, 
L-Droline L-serine, L-threonine,L-tryptophan, L-tyrosine, L-valine, L-cysteine, and the like. 

[0271] Herein, examples of amino acid residues which are replaced with each other are shown below. The ammo 
acid residues in the same group can be replaced with each other. • 
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Group A: " ' ' 

[0272] leucine.Jsoleucine'norleucine, valine, norvaline, alanine, 2-aminobutanoic acid, methionine, O-methylserine, 
t-butylglycine, t-butylalanine, cydohexylalanine; 



Group B: 

[0273] asparatic acid, glutamic acid, isoasparatic acid, isoglutamic acid, 2-aminoadipic acid, 2-aminosuberic acid; 
35 Group C; 

[0274] asparagine, glutamine; , 
Group D: 

40 ' 

[0275] lysine, arginine, ornithine, 2,4-diaminobutanoic acid, 2,3-diammopropionic acid; 

Group E: ' . 

45 [0276] proline, 3-hydroxyproline, 4-hydroxyproline; 

Group F: 

[0277] serine, threonine, homoserine, . . 

so . 
Group G: 

r02781 phenylalanine, tyrosine. . 
0279 Also in order that the resulting mutant polypeptide has substantially the same activity as that of the polypeptide 
55 which has not been mutated, it is preferred that the mutant polypeptide has a homology of 60% or more, preferably 
80% or more, and particularly preferably 95% or more, with the polypeptide which has not been mutated, when_c£ ,lcu- 
lated, for example, using default (initial setting) parameters by a homology searching software, such as BLAST, FAS! A, 
or the like. * 
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Zl p^ZST" 1 " 1118 PreSen ' ° an b —'"<>"">i-«<»'-r.ha„, he produc ti .„o„h e polvp.pt.de 

rZ, * ? Pr ° dUCing the P 0 '****** <* the present invention encoded by the ORF oUhe aenome of" 

^^^^^ 

1 1 . Preparation of antibody recognizing the polypeptide of the present invention 
(1) Production of polyclonal antibody 

StLZl^ '* * S " ntl9e "' * iS Pr " e ' abl> a ">v">™y bonded ,o . came, protein such 

S ^[TylS^""""' b ° V "" lh ^"*" li ". »«• - -he «n, lge „c,„ 

[0291] The administration of the antigen is, for example, carried out 3 to 10 times at th* int^ie rtf o 
after the first administration. On the 3rd to 7th day afte'r each administer Z 1^3^°^^ 
venous plexus of the eyeground, and it is confirmed that the serum reacts with the antigen ^J^^u^J^ 

l^^J^~> (EUSA >- ,9aku Shoin < 1 ■, ™ ■ JS^SZ 

u°^H 2 Lth erUm iS Obtained ,rom the Immunized non-human mammal with a sufficient antibody titer against theantiaen 
used forthe .mmun.zat.on, and the serum is isolated and purified to obtain a polyclonal antibody. ,heant '9 en 
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[0293]- Examples of the method for the isolation and purification include centrifugation, salting out by 40-50% satu- 
rated ammonium sulfate, caprylic acid precipitation (Antibodies, A Laboratory manual, Cold Spring Harbor Laboratory 
(1988)) r or chromatography using a DEAE-Sepharose column, an anion exchange column, a protein A- orG-column ; 
a gel filtration column, and the like, alone or in combination thereof, by methods known to those of ordinary skill in the art. 

5 

(2) Production of monoclonal antibody 

(a) Preparation of antibody-producing cell 

io [0294] A rat having a serum showing an enough antibody titer against a partial fragment polypeptide of the polypep- 
tide of the present invention used for immunization is used as a supply source of an antibody-producing cell. 
[0295] On the 3rd to 7th day after the antigen substance is finally administered the rat showing the antibody titer, the 
spleen is excised. 

[0296] The spleen is cut to pieces in MEM medium (manufactured by Nissui Pharmaceutical), loosened using a pair 
'5 of forceps, followed by centrifugation at 1 ,200 rpm for 5 minutes, and the resulting supernatant is discarded. 

[0297] The spleen in the precipitated fraction is treated with a Tris-ammonium chloride buffer (pH 7.65) for 1 to 2 
minutes to eliminate erythrocytes and washed three times with MEM'medium, and the resulting spleen cells are used 
as antibody-producing cells. 

* 20 (b) Preparation of myeloma cells 

[0298] As myeloma cells, an established ceil line obtained from mouse or rat is used. Examples of useful cell lines 
include those derived from a mouse, such as P3-X63Ag8-U1 (hereinafter referred to as "P3-U1 ") {Curr. Topics in Micro- 
biol. Immunol., 81: 1 (1978); Europ, J. Immunol., 6: 511 (1976)); SP2/0-Agl4' (SP-2) (Nature, 276: 269 (1978)): 

25 P3-X63-Ag8653 (653) (J. Immunol., 123: 1548 (1 979)); P3-X63-Ag8 (X63) cell line (Nature, 256: 495 (1 975)), and the 
like, which are 8-azaguanine-resistant mouse (BALB/c) myeloma cell lines. These celt lines are subcultured in 8-aza- 
guanine medium (medium in which, to a medium obtained by adding 1.5 mmol/l glutamine, 5x1 0 :s mol/l 2-mercap- 
toethanol, 10 jig/ml gentamicin and 10% fetal calf serum (FCS) (manufactured by CSL) to RPMM640 medium (here- 
inafter referred to as the "normal medium"), 8-azaguanine is further added at 15 p.g/ml) and cultured in the normal 

30 medium 3 or 4 days before cell fusion, and 2x 1 0 7 or more of the cells are used for the fusion. 

(c) Production of hybridoma 

[0299] The antibody-producing cells obtained in (a) and the myeloma cells obtained in '(b) are washed with MEM 
35 medium or PBS (disodium hydrogen phosphate: 1 .83 g, sodium dihydrogen phosphate: 0.21 g, sodium chloride: 7.65 
g, distilled water: 1 liter, pH: 7.2) and mixed to give a ratio of antibody-producing cells : myeloma cells = 5 : 1 to 10 : 
1 , followed by centrifugation at 1 ,200 rpm for 5 minutes, and the supernatant is discarded. 

[0300] The cells in the resulting precipitated fraction were thoroughly loosened, 0.2 to 1 ml of a mixed solution of 2 
g of polyethylene glycol-1000 (PEG-1000), 2 ml of MEM medium and 0.7 ml of dimethylsulfoxide (DMSO) per 10 8 
40 antibody-producing cells is added to the cells under stirring at 37°C : and then 1 to 2 ml of MEM medium is further 
added thereto several times at 1 to 2 minute intervals. 

[0301] After the addition, MEM medium is added to give a total amount of 50 ml. The resulting prepared solution is 
centrifuged at 900 rpm for 5 minutes, and then the supernatant is discarded. The cells in the resulting precipitated 
fraction were gently loosened and then gently suspended in 1 00 ml of HAT medium (the normal medium to which 1 0" 4 
45 mol/l hypoxanthine, 1.5X10' 5 mol/l thymidine and 4xl0' 7 mol/l aminopterin have been added) by repeated drawing 
up into and discharging from a measuring pipette. 

[0302] The suspension is poured into a 96 well culture plate at 100 uJ/well and cultured at 37°C for 7 to 14 days in 
a 5% C0 2 incubator. 

[0303] After culturing, a part of the culture supernatant is recovered, and a hybridoma which specifically reacts with 
so a partial fragment polypeptide of the polypeptide of the present invention is selected according to the enzyme immu- 
noassay described in Antibodies, A Laboratory manual, Cold Spring Harbor Laboratory, Chapter 1 4 (1998) and the like. 
[0304] A specific example of the enzyme immunoassay is described below. 

[0305] The partial fragment polypeptide of the polypeptide of the present invention used as the antigen in the immu- 
nization is spread on a suitable plate, is allowed to react with a hybridoma culturing supernatant or a purified antibody 
55 obtained in '(d) described below as a first antibody, and is further allowed to react with an anti-rat or anti-mouse immu- 
noglobulin antibody labeled with an enzyme, a chemical luminous substance, a radioactive substance or the like as a 
second antibody for reaction suitable for the labeled substance. A hybridoma which specifically reacts with the polypep- 
tide of the present invention is selected as a hybridoma capable of producing a monoclonal antibody of the present 
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invention. 

Lmino D t P Hn°hr 9 H S rePeatSd "h ? 9 hybrid0ma twice b V limiiin 9 dilution analysis (HT medium (a medium in which 
rThrirt™! h „ r !r° Ved <r0m HAT mediUm) is firstly used < and the n °™ al medium is secondly usTd and a 
hybridoma wh,ch ,s stable and contains a sufficient amount of antibody titer is selected as a hybridoma caoaWd 'of 
proaucing a monoclonal antibodv of th^ 



5 Producing a monoclonal antibody of the present invention 
(d) Preparation of monoclonal antibody 

io - Sn 3071 v T !!f monoclonal antibody-producing hybridoma cells obtained in (c) are injected intraperitoneal into 8 to 
'SffT! nU Trr ,reat6d With PrlStane ("'-peritonea, administration of 0.5 ml o^Zo Z^eZ 
. aS^'n'S 

fpmfor SminutS"' " ^ ^ ° f nUde mte6 ' and centrifu 9 ed *> remove solid contents at 3000 

15 as to^s^ isoiated ,rom the r tio9 supernata ^ 

E?™! J% H Ub t ° laSS ° l ! the amib ° dy ° an be determined ^ing a mouse monoclonal antibody typing kit era rat mon- 

jrsM-r poiypeptide amoum can be by the m^^-i^ffi 

20 S3J2} Snl!^ y 0,:,tai " ed ,r ? * h f «boVe-is within-the scope of the antibody of the present invention. 

mm!n , n a? V ^ USed ^ ^ 9enera ' aSSSy USing an antibod * such as a radioactive material labeled 

immunoassay (RIA), competitive binding assay, an immunotissue chemical staining method (ABC method CSA meS 

flw2r m r n0PreC S" a,IOn ' WeStem b ' 0ttin9 ' EUSA SSSay ' and the like 'ntnduction to R adioim muno^an d 
* M S e p SCi : nCe TeChniqUBS ^^chemistry Academic Press^T* (1 982) 

Vol. 2 (1983) & Vol. 3.(1985); Practice and Theory of Enzyme Immunoassays, Elsevier Science (1985) Enzvme-linked 

7Z^°u -T/ ' 9akU Sh ° in (1 976) ' - A ^orLry Manual, Cold Sp JnotanSSo 

Course, Vol. 5, Immunobiochemistry Research Method. Tokyo Kagaku Dojin (1986)) a, txpenment 

30 K2J2 IT an ;*^ t ° ft h.e Present invention can be.used as it is or after beingjabeled with a label. 

e c LS? k S , V* radioiso, °P e ' an affinity label (e.g., biotin, avidln. or the. like), an enzyme label 
, ZZ P G ™ dase - alkaline phosphatase, or the like), a fluorescence label (e.g.. FITC, hodami^ o th e 
like), a label using a rhodam.ne atom, (J. Histochem. Cytochem.. 18. 315 (1970)- Meth Enzvm 62 30b7!5q7 ™ 
mtmo/.. ro* 129 (1972); J. /™ no /., Meff ,., , 3: 2JS (1979)) an ^ the |jke ( 0,1 ^ &?Zy ' n " 62 308 < 1979 ). 

[0315] Expression of the polypeptide of the present invention, fluctuation of the expression the presence or absence 
I tl Z T** ° f P0,ypeptide " and the P resenc * °r absence in an organism other than ^SoSSSS 
TST P COr T SP ° ndin9 10 the Doly P e P tide be analyzed using the antibody or theTabeeTeS^ 
above assay, or a polypeptide array or proteome analysis described below . a aniiooay by. the 

12. Production and use of polypeptide array 

(1) Production of polypeptide array * ' ' 

45 -ES27n nfr^Sf? be Pr ° dUCed US ' ng ,he P°'yP e P tide ° f th.e present invention obtained in the above 

item 1 0 or the antibody of the present invention obtained in the above item 11 

[0318] The polypeptide array of the present invention includes protein chips, and comprises a solid support and the 
polypeptide or antibody of the present invention adhered to the surface of the solid support PP 
[0319] Examples of the solid support include plastic such as polycarbonate or the like; an acrylic resin such as 
» polyacrylamide or the like; complex carbohydrates, such as agarose, sepharose, or the like; sLa tsil ca based ma ' 
tenal, carbon, a. metal, inorganic glass, latex beads, and the like. 

[0320] The polypeptides or antibodies according to the present invention can be adhered to the surface of the solid 
SZS^: eth 1f rib6d ; n Biotecnnioues, 27. 1258-61 (1999); MCeculsr Me di clnet d sy^^ 
(1999), Handbook of Expenmental Immunology, 4th edition, Blackwell Scientific Publications, Chapter 10 (1 986)- Meth 

ss^sr^"^ 42<1974): us patent *»™ °™ 

[0321 ] The analysis described herein can be efficiently performed by adhering the polypeptide or antibodv of the 
present invention to the solid support at a high density, though a high fixation density is no, always necessaj 
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(2) Use of polypeptide array 

[0322] A polypeptide or a compound capable of binding to and interacting with the polypeptides of the present in- 
vention adhered to the array can be identified using the polypeptide array to which the polypeptides of the present 
5 invention have been adhered thereto as described in the above (1). 

[0323] Specifically, a polypeptide or a compound capable of. binding to and interacting with the polypeptides of the 
present invention can be identified by subjecting the polypeptides of the present invention to the following steps (i) to (iv): 

(i) preparing a polypeptide array having trie polypeptide of the present invention adhered thereto by the method 
10 of the above (1); 

(ii) incubating the polypeptide immobilized on the polypeptide array together with at least one of a second polypep- 
tide or compound; 

(tii) detecting any complex formed between the at least one of a second polypeptide or compound and the polypep- 
tide immobilized on the array using, for example, a label bound to the at least one of a second polypeptide or 
'5 compound, or a secondary label which specifically binds to the complex or to a component of the complex after 

unbound material has been removed; and 
(iv) analyzing the detection data, 

[0324] Specific examples of the polypeptide array to which the polypeptide of the present invention has been adhered 
20 include a polypeptide array containing a solid support to which at least one of a polypeptide containing an amino acid 
sequence selected from SEQ ID NOS:3502 to 7001, a polypeptide containing an amino acid sequence in which at 
least one amino acids is deleted, replaced, inserted or added in the amino acid sequence of the polypeptide and having 
substantially the same activity as that of the polypeptide, a polypeptide containing an amino acid sequence having a 
homology of 60% or more with the amino acid sequences of the polypeptide and having substantially the same activity 
25 as that of the polypeptides, a partial fragment polypeptide, and a peptide comprising an amino acid sequence of a part 
of a polypeptide. 

[0325] The amount of production of a polypeptide derived from coryneform bacteria can be analyzed using a polypep- 
tide array to which the antibody of the present invention has been adhered in the above (1). 

[0326] Specifically, the expression amount of a gene derived from a mutant of coryneform bacteria can be analyzed 
30 by. subjecting the gene to the following steps (i) to (iv): - . 

(i) preparing a polypeptide array by the method of the above (1); 

(ii) incubating the polypeptide array (the first antibody) together with a polypeptide derived from a mutant of co- 
ryneform bacteria; 

35 (jjj) detecting the polypeptide bound to the polypeptide immobilized on the array using a labeled second antibody 

of the present invention; and 
(iv) analyzing the detection data. 

[0327] Specific examples of the polypeptide array to which the antibody of the present invention is adhered include 
40 a polypeptide array comprising a solid support to which at least one of an antibody which recognizes a polypeptide 
comprising an amino acid sequence selected from SEQ ID NOS:3502 to 7001 , a polypeptide comprising an amino 
acid sequence in which at least one amino acids is deleted, replaced, inserted or added in the amino acid sequence 
of the polypeptide and having substantially the same activity as that of the polypeptide, a polypeptide comprising an 
amino acid sequence having a homology of 60% or more with the amino acid sequences of the polypeptide and having 
^5 substantially the same activity as that of the polypeptides, a partial fragment polypeptide, or a peptide comprising an 
amino acid sequence of a part of a polypeptide. 

[0328] A fluctuation in an expression amount of a specific polypeptide can be monitored using a polypeptide obtained 
in the time course of culture as the polypeptide derived from coryneform bacteria. The culturing conditions can be 
optimized by analyzing the fluctuation. 
so [0329] When a polypeptide derived from a mutant of coryneform bacteria is used, a mutated polypeptide can be 
detected. 

13. Identification of useful mutation in mutant by proteome analysis 

55 [0330] Usually, the proteome is used herein to refer to a method wherein a polypeptide is separated by twodimen- 
sional electrophoresis and the separated polypeptide is digested with an enzyme, followed by identification of the 
polypeptide using a mass spectrometer (MS) and searching a data base. 

[0331] The two dimensional electrophoresis means an electrophoretic method which is performed by combining two 
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u rZoh ?n m aVm9 d,fferSnt PrinCiP ' eS - F ° r 6Xample ' P°'ypeptides are separated depending on mo.ec- 

Tcall ITZ P 7 arV eleCtr ° ph ° reSiS NeXt the 961 iS r ° ta,ed b * 90 ° ° r 180 ° and th e secondary electropho^ 

oSS I i!3J I? °h fT P ° int - ThUS ' V3ri0US SePara,i ° n PattemS Ca " be achieved W'S K 3600 2474) 

S SearCh,n9 th ? data base : the amin ° acid sequence information of the polypeptides of the present invention 

H)3 33 , t C h° 9 mSdiUm ° f PreS6nt ' nVenti0n Pr ° vide for in the above items 2 and 8 can be led 
S 8 a iLralTL^en 3 T^"" ^ ^ 11 P ° SSib ' e to ^ a polypeptide 

[0334] The proteome analysis of a wild type strain of coryneform bacieria and a production strain showina an im 
b e^fnnf " ^ ° f ' * P ° SSib ' e t0 efficiently identify a mutation Z^TisZlVZ 

[0335 \ 9 sZ scTT 9 I T dUCtmV ° f 3 tar9et Pr0dUCt ° r 3 Pr0tei " ° f whic " amount isTct ated 

to the oroSlT V ; 8 W ' th^ S,ram ° f C °^ fom bacteria and a 'ysine-producing strain thereof are each Subjected 
o the proteome analysis. Then, a spot increased in the lysine-producing strain, compared with the wild tvoe strain is 
2 an s f a d3ta base is searched - 'ha. a polypeptide showing an increase in yield in accortaZTmTan incase 
^If ° h P ' be identified ' F ° r eXample ' aS 3 TB8ult of the P roteome a " a lysis on a wi.d ypfstmin and 

5^nS?.?S' n ; Pr ° d H tiVity ° f Cat8,aSe h3V,ng the amih ° aCid -quence'represented JSeqTd NO 
J/Bb is increased in the lysine-producing mutant. . .: . 

Sn?,lL Q AS ? reSUlt ,hat 8 Pr ° 1ein haVing 3 high ex P ression leve ' is identified by proteome analysis using the nucleotide 
sequence information and the amino acid sequence information, of the genome of the co^neforr^ bacterid o°Te 
present invention, and a recording medium storing the sequences, the nucleotide sequence oTthe Ze Te^Zno i^ 
s P eauTnc a e hi ^ ^ upstr — '"-of can be searched at the s'ame time and'Zs aS leo id e 

sequence having a h.gh expression promoter can be efficiently selected nucleotide 
[033?r In the proteome analysis, a spot on the two-dimentional electrophoresis gel showing a fluctuation is sometime 

? o r 9 teTu:si pr0tein - H r even the modi,ied protein ^ be Xis^,„^sz 

t<2 Vnn t * ? q ! nC? lnf0rmat, ? n ' the am *° acid sequence information, of the genome of coryneform bac-' 

ft n ' he reC0 rd ' n 9 medlum ^m9;th e sequences, according to the present invention. . ^ 

[0338] Moreover, a useful mutation point in a useful mutant can be easily specified by searching a nucleotide se 

V i 6 T* ° f Pr ° m0terS ' ' 0r the like > re| atin 9 to the thus identified protein ^"c a ^ecorcMnq 
medium storing the nucleotide sequence information and the amino acid sequence information o he qenome o^ 

S rZT" 3 °I !? P ; eSem inVenti0n ' and 3 reC ° rding medium s,orin 9 < he s ->— and us ng a pr mer de 
Strirn ba , S ' S th ! det6Cted nUCle ° tide set > ue ? ce As a result that the usefu? mutation point is specked an 

SS^n^lZT t V ' n9 'Sr 86 ™ mUtati6n * ° ,her US6fUl mU,ati0n derived theref ™ -n be easij bred 
[fnonimSd thereto ™ * " deta " below based ° n Samples. However, the present invention 

35 Example 1 

Determination of the full nucleotide sequence of genome of Corynebacterium glutamicum 

[0340] The full nucleotide sequence of the genome of Corynebacterium glutamicum was determined based on th„ 

thetrSr Sh °' 9Un meth ° d iSC ' enCe ' ^ 496 " 512 (1995 »- this a 9-ome Nbr^wa^ ^prepared a Jd 

lov^rrf , SeqUenCeS c Were determined at r andom. Subsequently, these sequences were ligated on a comSeMo 
cover the full genome. Specifically, the following procedure was carried out. computer to 

(1) Preparation ot genome DIM A of Corynebacterium glutamicum fiCVCC 13032 

n? 41 i Co 2! n ^ acterium alutamicum AT CC 1 3032 was cultured in BY medium (7 g/l meat extract 1 0 q/l peptone 3 
g/l sodaim chloride, 5 g/l yeast extract, pH 7.2) containing.1 % of gfycineat 30»C overnight and the^lte wereSteSed 

37-cS 1 h tk SUSpended in 10 ml of STE buffe r containing 10 mg/ml lysozyme, fo.lowed by gently shaking at 

« 'sic i or 0 mi^S: f n th 1 ° % f ? ad * Kj th6ret ° l ° ,ySe ^ ^ ™ d °» resullant mixture'was'mafnta Ld 
foffowL rJlr h . C ° 6d ,0 r °° m tem P erature - Then, 1 0 m. of Tris-neutra.ized phenol was added thereto 

followed by gently shaking at room temperature for 30 minutes and centrifugation (15,000 x g 20 minutes 20-C) Tne 

m the same manner. To the aqueous layer, 3 mol/l sodium acetate solution (pH 5.2) and isopropanol were added a 
oenomrnlA 0 e H and , tW L Ce Volume - res P ective| y. ^ gently stirring to precipitate the genome DNA The 

0 Zl "^Z d ' SS ° IV ! d a9ain in 3 m ' ° f TE bUff6r <1 ° mm0l/l Tris ^-chloride, 1 mmol/l EDTA pH 8.0) coning 
ch^rl^ 86 ! mam,a,ned ^ 37-C for 45 minutes. The extractions with phenol, pheno^ch.oroform and 

chloroform were earned out successively in the same manner as the above. The genome DNA was subject fso 
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propanol precipitation. The thus formed genome DNA precipitate was washed with 70% ethanol three times, followed 
by air-drying, and dissolved in 1 .25 ml of TE buffer to give a genome DNA solution (concentration: 0.1 mg/ml). 

(2) Construction of a shotgun library 

5 

[0342] TE buffer was added to 0.01 mg of the thus prepared genome DNA of Cory nebacte hum gfutamicum ATCC 
13032 to give a total volume of 0.4 ml, and the mixture was treated with a sonicator (Yamato Powersonic Model 150) 
at an output of 20 continuously for 5 seconds to obtain fragments of 1 to 10 kb. The genome fragments were blunt- 
ended using a DNA blunting kit (manufactured by Takara Shuzo) and then fractionated by 6% polyacrylamide gel , 

10 electrophoresis. Genome fragments of 1 to 2 kb were cut out from the gel, and 0.3 ml MG elution buffer (0.5 mol/l 
ammonium acetate, 1 0 mmol/l magnesium acetate , 1 mmol/l EDTA, 0.1% SDS) was added thereto, followed by shaking 
at 37°C overnight to elute DNA. The DNA eluate was treated with phenol/chloroform, and then precipitated with ethanol 
to obtain a genome library insert. The total insert and 500 ng of pUC1 8 Smal/BAP (manufactured by Amersham Phar- 
macia Biotech) were ligated at 1 6°C for 40 hours. 

is [0343] The ligation product was precipitated with ethanol and dissolved in 0.01 ml of TE buffer. The ligation solution 
(0.001 ml) was introduced into 0.04 ml of E. co// ELECTRO MAX DH10B (manufactured by Life Technologies) by the 
electroporation under conditions according to the manufacture's instructions. The mixture was spread on LB plate . 
medium (LB medium (10 g/l bactotrypton, 5 g/l yeast extract, 1 0 g/l sodium chloride, pH 7.0) containing 1 .6% of agar) . 
containing 0.1 mg/ml ampicillin, 0.1 mg/ml X-gal and 1 mmol/l isopropyl-p-D-thiogalactopyranoside (IPTG) and cultured 

20 at 37°C overnight. . 

[0344] - The transformant obtained from colonies formed on the plate medium was stationarily cultured in a 96-well 
titer plate having 0.05 ml of LB medium containing 0.1 mg/ml ampicillin at 37°C overnight. Then, 0.05 ml of LB medium 
containing 20% glycerol was added thereto/followed by stirring to obtain a glycerol stock. 

25 (3) Construction of cosmid library 

[0345] About 0.1 mg of the genome DNA of Corynebacterium glutamicum ATCC 13032 was partially digested with - 
Sau3M (manufactured by Takara Shuzo) and then ultracentrifuged (26,000 rpm, 18 hours, 20°C) under 10 to 40% , 
sucrose density gradient obtained using 10% and 40% sucrose buffers (1 mol/l Na'CI, 20 mmol/l Tris hydrochloride, 5 

30 mmol/l EDTA, 10% or 40% sucrose, pH 8.0). After the centrifugation, the solution thus separated was fractionated into 
tubes at 1 ml in each tube. After confirming the DNA fragment length of each fraction by agarose gel electrophoresis, 
a fraction containing a large amount of DNA fragment of about 40 kb was precipitated with ethanol. 
[0346] The DNA fragment was ligated to the BamH\ site of superCosI (manufactured by Stratagene) in accordance 
with the manufacture's instructions. The ligation product was incorporated into Escherichia coli XL-1-BlueMR strain 

35 (manufactured by Stratagene) using Gigapack III Gold Packaging Extract (manufactured by Stratagene) in accordance 
with the manufacture's instructions. The Escherichia coli was spread on LB plate medium containing 0.1 mg/ml amp- 
icillin and cultured therein at 37°C overnight to isolate colonies. The resulting colonies were stationarily cultured at 
37°C overnight in a 96-well titer plate containing 0.05 m! of the LB medium containing 0.1 mg/ml ampicillin in each 
well. LB medium containing 20% glycerol (0.05 ml) was added thereto, followed by stirring to obtain a glycerol stock. 

40 

(4) Determination of nucleotide sequence 
(4-1 ) Preparation of template 

45 [0347] The full nucleotide sequence of Corynebacterium glutamicum ATCC 1 3032 was determined mainly based on 
the whole genome shotgun method. The template used in the whole genome shotgun method was prepared by the 
PCR method using the library prepared in the above (2). 

[0348] Specifically, the clone derived from the whole genome shotgun library was inoculated using a replicator (man- 
ufactured by GENETIX) into each well of a 96-well plate containing the LB medium containing 0.1 mg/ml of. ampicillin 

so at 0.08 ml per each well and then stationarily cultured at 37°C overnight. 

[0349] Next, the culturing solution was transported using a copy plate (manufactured by Tokken) into a 96-well re- 
action plate (manufactured by PE Biosystems) containing a PCR reaction solution (TaKaRa Ex Taq (manufactured by 
Takara Shuzo)) at 0.08 ml per each well. Then, PCR was carried out in accordance with the protocol by Makino et al. 
{DNA Research, 5: 1 -9 (1 998)) using GeneAmp PCR System 9700 (manufactured by PE Biosystems) to amplify the 

55 inserted fragment. 

[0350] The excessive primers and nucleotides were eliminated using a kit for purifying a PCR production (manufac- 
tured by Amersham Pharmacia Biotech) and the residue was used as the template in the sequencing reaction. 
[0351] Some nucleotide sequences were determined using a double-stranded DNA plasmid as a template. 
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ffi TiLt Ub, r tranded DNA P ' aSmid aS ,h ^ ,em P'«e was obtained by the following method 

r P- each we 9 ,, and mTc^uiT.'SSS m^^S^^SS 0 ' 3 ' ^ ^ ° ° 5 ^^vm 

accordance with the protocol provided by the manufacturer mult.screen (manufactured by Millipore) in 

2r) SS2 , !l^CSS , * d - P ' aSmid USi " 9 ^ mU ' tiSCreen ' Bi0mek 2000 <«*ured by Beckman 
Sandt^ 



(4-2) Sequencing reaction 
[0357] 



b y PE B^>™ ^S^^^^ ***** Ready faction Kit (manufactured 
Hesea^, 5: 1- 9 -(T998) and the template pJepare? M Sp^'TT ^^REV, (PAM 

to g.ve 10 nl of a sequencing reaction solution The prime! and L Lmn,£ P * 8 P ' aSm ' d) W6re added 

.: and an amount of 50 to 200 ng respectively. ° templates were used in an amount of 1 .6 pmol 

20 . el r ed out with GeneAmp pcr system 9700 

manufacturer's instruction la^S^^^^^S^T ^TT ™* determined in accordance with the 
sample was purified using lA^^H^^T^^i T"1T ^ Sequencin 9 Read V Re *<*°" Kit. The 
= tions. The thus purified rJacftJ^^^^ * ^ruc- 

25 at-30°C. Clwas Palpitated with ethanol, followed by drying, and then stored in the dark 

[0359] The dry reaction product was analyzed bv ABI PRiftM r\M*'o 

ufaeturad COMPAQ) arc C Th. Jfc ^ " ,ra " s """ su "> ■ <***» Server 41 00 „. 

the genome size ° < """ """^ aboul 50 000 "»Wces corresponds ,o e times as much as 

(5) Assembly * " ^ , .' 

vector sequence data was deleted usina Ss^riSTf , 9 P ^ (The Unive ™* of Washington). The 
sembly was carried out ""no SsS^! ? T^t * ( manufactured °V Southwest Parallel Software). The as- 
(The University S Sh^rTK^^X^^ P-a..e. Software; a highspeed version of phrap 
(The University' of Washington A sites ouZ oa!^ , T ? ^ USing 3 ^aphical editor, consed 

taneously using a scrip, phldPh^ Z^ZZ ™ ^ ^ Ca " * ^ —^'V were carried out simu,- 

(6) Determination of nucleotide sequence in gap part 

.he inserted ,ra gme „, o, ,he eosmid "as deZ" ABl'pIS SoD T T ' > " C " < " 1 ? SS '" Jen " :e " e " a " 
L.neehX„ 8 e^^^ 

spec,*,. eosrSd clor.es .M?escee»vf conLIZ' S,"™^ ™ ,h ^""^ Tn ^ "» cenv.en re- 

the res*. „er. compare F^o^S^^^"« mU """ ""a™ """ °<" *»«»•"«»». 

stances a, ,he _ ends J^^^^Z^, SSSSK 
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of the inserted fragment of this clone was determined, and thus the nucleotide sequence of the gap part was determined. 
When no shotgun library clone or cosmid clone covering the gap part was available, primers complementary to the 
end sequences at the two contigs were prepared and the DNA fragment in the gap part was amplified by PCR. Then, 
sequencing was performed by the primer walking method using the amplified DNA fragment as a template or by the 
5 shotgun method in which the sequence of a shotgun clone prepared from the amplified DNA fragment was determined. 
Thus, the nucleotide sequence of the domain was determined. 

[0366] In a region showing a low sequence precision, primers were synthesized using AUTOFINISH function and 
NAVIGATING function of consed (The University of Washington) and the sequence was determined by the primer 
walking method to improve the sequence precision. The thus determined full nucleotide sequence of the genome of 
10 Corynebactehum glutamicum ATCC 13032 strain is shown in SEQ ID NO:1. 

(7) Identification of ORF and presumption of its function 

[0367] ORFs in the nucleotide sequence represented by SEQ ID NO:1 were identified according to the following 
15 method. First, the ORF regions were determined using software for identifying ORF, i.e., Glimmer, GeneMark and 
GeneMark. hmm on UNIX platform according to the respective manual attached to the software. 
[0368] Based on the data thus obtained : ORFs in the nucleotide sequence represented by SEQ ID NO:1 were iden- 
tified. 

[0369] The putative function of an ORF was determined by searching the homology of the identified amino acid 
20 sequence of the ORF against an amino acid database consisting of protein-encoding domains derived from Swiss- 
Prot, PIR or Genpept database constituted by protein encoding domains derived from GenBank database. Frame 
Search (manufactured by Compugen), or by searching the homology of the identified amino acid sequence of the ORF 
against an amino acid database consisting of protein-encoding domains derived from Swiss-Prot, PIR or Genpept 
database constituted by protein encoding domains derived from GenBank database, BLAST. The nucleotide sequences 
25 . of the thus determined ORFs are shown in SEQ ID NOS:2 to 3501 , and the amino acid sequences encoded by these 
ORFs are shown in SEQ ID NOS:3502 to 7001 . 

[0370] In some cases of the sequence listings in the present invention, nucleotide sequences, such as TTG, TGT, 
GGT, and the like, other than ATG, are read as an initiating codon encoding Met. 

[0371 ] Also, the preferred nucleotide sequences are SEQ ID NOS:2 to 355 and 357 to 3501 , and the preferred amino 

30 acid sequences are shown in SEQ ID NOS:3502 to 3855 and 3857 to 7001 

[0372] Table 1 shows the registration numbers in the above-described databases of sequences which were judged 
as having the highest homology with the nucleotide sequences of the ORFs as the results of the homology search in 
the amino acid sequences using the homology-searching software Frame Search (manufactured by Compugen), 
names of the genes of these sequences, the functions of the genes, and the matched length, identities and analogies 

35 compared with publicly known amino acid translation sequences. Moreover, the corresponding positions were con- 
firmed via the alignment of the nucleotide sequence of an arbitrary ORF with the nucleotide sequence of SEQ ID NO: 
1 . Also, the positions of nucleotide sequences other than the ORFs (for example, ribosomal RNA genes, transfer RNA 
genes, IS sequences, and the like) on the genome were determined. 

[0373] Fig. 1 shows the positions of typical genes of the Corynebactehum glutamicum ATCC 1 3032 on the genome. 
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Function 
















integrase 

transposase (divided) 


transposase (divided) 


transposition repressor 


insertion element (IS3 related) 


transposase 










major secreted protein PS1 protein 
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Brevibacterium lactofermentum 
CGL2005ISaBl 


Brevibacterium lactofermentum 
CGL20051SaB1 




Brevibacterium lactofermentum 
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Corynebacterium glutamicum 
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■ » 








Corynebacterium glutamicum 
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■' Function 


sodium-dependent transporter 


hypothetical protein 






riboflavin biosynthesis protein 


potential membrane protein 


methionine sulfoxide reductase 




hypothetical protein. 


hypothetical protein 


ribonuclease D 


1-deoxy-D-xylulose-5-phosphate 
synthase , 


RNA methyltransferase 




hypothetical protein 
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hypothetical protein 


extragenic suppressor protein 


polyphosphate glucokinase 


sigma factor or RNA polymerase 
transcription factor 


hypothetical membrane protein | 




hypothetical protein 


hypothetical membrane protein 


hypothetical protein 


transferase 


hypothetical protein 


iron dependent repressor or 
diphtheria toxin repressor 


putative sporulation protein 


UDP-glucose 4-epimerase 




hypothetical protein 


ATP-dependent RNA helicase 
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Mycobacterium tuberculosis 
H37Rv Rv2699c 


Escherichia coli K12 suhB 


Mycobacterium tuberculosis I 
H37Rv RV2702 ppgK 


Corynebacterium glutamicum \ 
sigA 


Baciifus subtilis yrkO 




Mycobacterium tuberculosis 
H37RvRv2917 


Mycobacterium tuberculosis 
H37Rv Rv2709 


Mycobacterium tuberculosis 
H37RvRv2708c 


Streptomyces coelicolor A3(2) 
SCH5.08C 


Corynebacterium glutamicum 
ATCC 13869 ORF 1 


Corynebacterium glutamicum 
ATCC 13869 dtxR 
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Function 


hydrogen peroxide-inducible genes 
activator 




ATP-dependent heltcase 


regulatory protein 




SOS regulatory 'protein 


galactitol utilization operon repressor 


phosphofructoktnase (fructose 1- 
phosphate kinase) 


phosphoenolpyruvate-protetn 
phosphotransferase 


glycerol-3-phosphate regulon 
repressor 


1-phosphofructokinase or 6- 
phosphofructokinase 


PTS system, fructose-specific IIBC 
component 


phosphocarrier protein 




uracil permease . 


ATP/GTP-binding protein 




diaminopirnelate epimerase 
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Escherichia coli oxyR 




Escherichia coli hrpA 


Streptomyces clavuligerus nrdR 




Bacillus subtilis dinR 


Escherichia coli K12gatR 


Streptomyces coelicolor A3(2) 
SCE22.14c 


Bacillus stearothermophilus ptsi 


Escherichia coli K12 glpR 


Rhodobacter capsulatus fruK 


Escherichia coli K12 fruA 


Bacillus stearothermophilus XL- 
65-6 ptsH 




Bacillus caldolyticus pyrP 


Streptomyces fradiae orfU* 


. 




Haemophilus influenzae Rd 
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Example 2 

Determination of effective mutation site 

5 (t) Identification of mutation site based on the comparison of the gene nucleotide sequence of lysine-producing B-6 
strain with that of wild type strain ATCC 1 3032 

[0374] Corynebacterium glutamicum B-6, which is resistant to S-(2-aminoethyl)cysteine (AEC), rifampicin, strepto- 
mycin and 6-azauracil, is a lysine-producing mutant having been mutated and bred by subjecting the wild type ATCC 

10 13032 strain to multiple rounds of random mutagenesis with a mutagen, N-methyl-N' -nitro-N-nitrosoguanidine (NTG) 
and screening (Appl. Microbiol. Biotechnol., 32. 269-273 (1989)). First, the nucleotide sequences of genes derived 
from the B-6 strain and considered to relate to the lysine production were determined by a method similar to the above. 
The genes relating to the lysine production include lysE and lysG which are iysine-excreting genes; ddh, dapA, horn 
and iysC (encoding diaminopimelate dehydrogenase, dihydropjcolinate synthase, homoserine dehydrogenase and 

15 aspartokinase, respectively) which are lysine-biosynthetic genes; and pyc and zwf (encoding pyruvate carboxylase 
and gtucose-6-phosphate dehydrogenase, respectively) which are glucose-metabolizing genes. The nucleotide se- ^ 
quences of the genes derived from the production strain were compared with the corresponding nucleotide sequences 
of the ATCC 13032 strain genome represented by SEQ ID NOS:1 to 3501 and analyzed. As a result, mutation points 
were observed in many genes. For. example, no mutation site was observed in lysE, lysG, ddh, dapA, and the like, 

20 whereas amino acid replacement mutations were found in horn, IysC, pyc, zwf, and the like. Among these mutation 

- points,those which are considered to contribute to the production were extracted on the basis of known biochemical 
or genetic information. Among the mutation points thus .extracted, a mutation, Val59Ala, in horn and a mutation, 
Pro458Ser, in pyc were evaluated whether or not the mutations were effective according to the following method. 

25 (2) Evaluation of mutation, Val59Ala, in horn and mutation, Pro458Ser, in pyc 

[0375] It is known that a mutation in horn inducing requirement or partial requirement for homoserine imparts lysine 
productivity to a wild type strain (Amino Acid Fermentation, ed.by Hiroshi Aida era/., Japan Scientific Societies Press). 
However, the relationship between the mutation, Val59Ala, in horn and lysine production is not known. It can be ex- 

30 amined whether or not the mutation, Val59Ala, in horn is an effective mutation by introducing the mutation to the wild 
type strain and examining the lysine productivity of the resulting strain. On the other hand, it can be examined whether 
or not the mutation, Pro458Ser, in pyc is effective by introducing this mutation into a lysine-producing strain which has 
a deregulated lysine-bioxynthetic pathway and is free from the pyc mutation, and comparing the lysine productivity of 
the resulting strain with the parent strain. As such a lysine-producing bacterium, No. 58 strain (FERM BP-7134) was 

35 selected (hereinafter referred to the "lysine-producing No. 58 strain" or the "No. 58 strain"). Based on the above, it was. 
determined that the mutation, Val59Ala, in horn and the mutation, Pro458Ser, jn pyc were introduced into the wild type 
strain of Corynebacterium giutamicum ATCC 1 3032 (hereinafter referred to as the "wild type ATCC 13032 strain" or 
the "ATCC 13032 strain") and the lysine-producing No. 58 strain, respectively/using the gene replacement method. A 
plasmid vector pCES30 for the gene replacement for the introduction was constructed by the following method. 

40 [0376] A plasmid vector pCE53 having a kanamycin-resistant gene and being capable of autonomously replicating 
in Coryneform bacteria (Mol. Gen. Genet, 196: 175-178 (1 984)) and a plasmid pMOB3 (ATCC 77282) containing a 
levansucrase gene (sacB) of Bacillus subtiiis (Molecular Microbiology, 6: 1 1 95-1 204 (1992)) were each digested with 
Pst\. Then, after agarose gel electrophoresis, a pCE53 fragment and a 2.6 kb DNA fragment containing sacB were 
each extracted and purified using GENECLEAN Kit (manufactured by BIO 101). The pCE53 fragment and the 2.6 kb 

45 DNA fragment were ligated using Ligation Kit ver. 2 (manufactured by Takara Shuzo), introduced into the ATCC 13032 
strain by the electroporation method (FEMS Microbiology Letters, 65: 299 (1989)), and cultured on BYG agar medium 
(medium prepared by adding 1 0 g of glucose, 20 g of peptone (manufactured by Kyokuto Pharmaceutical), 5 g of yeast 
extract (manufactured by Difco), and 16 g of Bactoagar (manufactured by D if co) to 1 liter of water, and adjusting its 
pH to 7.2) containing 25 u.g/ml kanamycin at 30°C for 2 days to obtain a transformant acquiring kanamycin-resistance. 

so As a result of digestion analysis with restriction enzymes, it was confirmed that a plasmid extracted from the resulting 
transformant by the alkali SDS method had a structure in which the 2.6 kb DNA fragment had been inserted into the 
Pstt site of pCE53. This plasmid was named pCES30. 

[0377] Next, two genes having a mutation point, horn and pyc, were amplified by PCR, and inserted into pCES30 
according to the TA cloning method (Bio Experiment Illustrated vol. 3, published by Shujunsha). Specifically, pCES30 
55 was digested with SamHI (manufactured by Takara Shuzo), subjected to an agarose gel electrophoresis, and extracted 
and purified using GENECLEAN Kit (manufactured by BIO 1 01 ). The both ends of the resulting pCES30 fragment were 
blunted with DNA Blunting Kit (manufactured by Takara Shuzo) according to the attached protocol. The blunt-ended 
pCES30 fragment was concentrated by extraction with phenol/chloroform and precipitation with ethanol, and allowed 
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to react in the presence of Taq polymerase (manufactured by Roche Diagnostics) and dTTP at 70°C for 2 hours so 
that a nucleotide, thymine (T), was added to the 3'-end to prepare a T vector of pCES30. 

[0378] Separately, chromosomal DNA was prepared from the lysine-producing B-6 strain according to the method 
of Saito et al. (Biochem. Biophys. Acta, 72. 619 (1 963)), Using the chromosomal DNA as a template, PCR was carried 

5 out with Pfu turbo DNA polymelase (manufactured by Stratagene). In the mutated hom gene, the DNAs having the 
nucleotide sequences represented by SEQ ID NOS:7002 and 7003 were used as the primer set. In the mutated pyc 
gene ; the DNAs having the nucleotide sequences represented by SEQ ID NOS:7004 and 7005 were used as the primer 
set. The resulting PCR product was subjected to agarose gel electrophoresis, and extracted and purified using GENE- 
GLEAN Kit (manufactured by BIO 1 01 ). Then, the PCR product was allowed to react in the presence of Taq polymerase 

10 (manufactured by Roche Diagnostics) and dATP at 72°C for .10 minutes so that* a nucleotide, adenine (A), was added 
to the 3'-end. 

[0379] The above pCES30 T vector fragment and the mutated hom gene (1.7 kb) or mutated pyc gene (3.6 kb) to 
which the nucleotide A had been added of the PCR product were concentrated by extraction with phenol/chloroform 
and precipitation with ethanol, and then ligated using Ligation Kit ver. 2. The ligation products were introduced into the 

15 ATCC 13032 strain according to the electroporation method, and cultured on BYG agar medium containing 25 u.g/ml 
kanamycin at 30°C for 2 days to obtain kanamycin-resistant transformants. Each of the resulting transformants was 
cultured overnight in BYG liquid medium containing 25 \ig/m\ kanamycin, and a plasmid was extracted from the culturing 
solution medium according to the alkali SDS method. As a result of digestion analysis using restriction enzymes, it was 
confirmed thai the plasmid had a structure in which the 1 .7 kb or 3.6 kb DNA fragment had been inserted into pC£S30. 

20 The plasmids thus constructed were named respectively pChom59 and pCpyc458. 

[0380] The introduction of the mutations to the wild type ATCC 13032 strain and the lysine-producing No. 58 strain 
according to the gene replacement method was carried out according to the following method. Specifically, pChom59 
and pCpyc458 were introduced to the ATCC 13032 strain and the No. 58 strain, respectively, and strains in which the 
plasmid is integrated into the chromosomal DNA by homologous recombination were selected using the method of 

25 Ikeda et al. (Microbiology 144: 1863 (1998)). Then, the stains in which the second homologous recombination was 
carried out were selected by a selection method, making use of the fact that the Bacillus subtilis levansucrase encoded 
by pCES30 produced a suicidal substance (J. of Bacteriol., 174: 5462 (1992)). Among the selected strains, strains in 
which the wild type horn and pyc genes possessed by the ATCC 1 3032 strain and the No. 58 strain were replaced with 
the mutated horn and pyogenes, respectively, were isolated. The method is specifically explained below. 

30 [0381] One strain was selected from the transformants containing the plasmid, pChom59 or pCpyc458, and the 
selected strain was cultured in BYG medium containing 20 ng/ml kanamycin, and pCG1 1 (Japanese Published Exam- 
ined Patent Application No. 91827/94) was introduced thereinto by the electroporation method. pCG11 is a plasmid 
vector having a spectinomycin-resistant gene and a replication origin which is the same as pCE53. After introduction 
of the pCGII, the strain was cultured on BYG agar medium containing 20 p,g/ml kanamycin and 1 00 |xg/ml spectinomycin 

35 at 30°C for 2 days to obtain both the kanamycin- and spectinomycin-resistant transformant. The chromosome of one 
strain of these transformants was examined by the Southern blotting hybridization according to the method reported 
by Ikeda et al. (Microbiology, 144: 1863 (1998)). As a result, it was confirmed that pChom59 or pCpyc458 had been 
integrated into the chromosome by the homologous recombination of the Cambell type. In such a strain, the wild type 
and mutated hom or pyc genes are present closely on the chromosome, and the second homologous recombination 

40 is liable to arise therebetween. 

[0382] Each of these transformants (having been recombined once) was spread on Sue agar medium (medium 
prepared by adding 100 g of sucrose, 7 g of meat extract, 10 g of peptone, 3 g of sodium chloride, 5 g of yeast extract 
(manufactured by Difco), and 18 g of Bactoagar (manufactured by Difco) to 1 liter of water, and adjusting its pH 7.2) 
and cultured at 30 Q C for a day. Then the colonies thus growing were selected in each case. Since a strain in which the 

45 sacB gene is present converts sucrose into a suicide substrate, it cannot grow in this medium {J. Bacteriol., 1 74: 5462 
(1 992)). On the other hand, a strain in which the sacB gene was deleted due to the second homologous recombination 
between the wild type and the mutated hom or pyc genes positioned closely to each other forms no suicide substrate 
and, therefore, can grow in this medium. In the homologous recombination, either the wild type gene or the mutated 
gene is deleted together with the sacB gene. When the wild type is deleted together with the sacB gene, the gene 

50 replacement into the mutated type arises. 

[0383] Chromosomal DNA of each the thus obtained second recombinants was prepared by the above method of 
Saito et al PCR was carried out using Pfu turbo DNA polymerase (manufactured by Stratagene) and the attached 
buffer. In the hom gene, DNAs having the nucleotide sequences represented by SEQ ID NOS:7002 and 7003 were 
used as the primer set. Also, in the pyc gene was used, DNAs having the nucleotide sequences represented by SEQ 

55 id NOS:7004 and 7005 were used as the primer set. The nucleotide sequences of the PCR products were determined 
by the conventional method so that it was judged whether the hom or pyc gene of the second recombinant was a wild 
type.or a mutant. As a result, the second recombinant which were called HD.-1 and No. 58pyc were target strains having 
the mutated hom gene and pyc gene, respectively. 
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(3) Lysine production test of HD-1 and No. 58pyc strains • . ' 

[0384] The HD-1 strain (strain obtained by incorporating the mutation, Val59Ala, in the horn, gene into the ATCC 
13032 strain) and the No. 58pyc strain (strain obtained by incorporating the mutation, Pro458Ser, in the pyc gene into . 
the. lysine-producing No. 58 strain) were subjected to a culture test in a 5 I jar fermenter by using the ATCC 13032 
strain and the lysine-producing No. 58 strain respectively as a control. Thus lysine production was examined. 
[0385] After culturing on BYG agar medium at 30°C for 24 hours, each strain was inoculated into 250 ml of a seed 
medium (medium prepared by adding 50 g of sucrose, 40 g of corn steep liquor, 8.3 g of ammonium sulfate, 1 g of. 
urea, 2 g of potassium dihydrogenphosphate, 0.83 g of magnesium sulfate heptahydrate, .1 0 mg of iron sulfate hep- 
tahydrate, 1 mg of copper sulfate pentahydrate, 10mg of zinc sulfate heptahydrate, 10 mg of >alanine, 5 mg of nicotinic 
acid, 1 .5 mg of thiamin hydrochloride, and 0.5 mg of biotin to 1 liter of water, and adjusting its pH to 7.2, then to which 
30 g of calcium carbonate had been added) contained in a 2 1 buffle-attached Erlenmeyer flask and cultured therein 
at 30°C for 12 to 16 hours. A total amount of the seed culturing medium was inoculated into 1 ,400 ml of a main culture 
medium (medium prepared by adding 60 g of glucose : 20 g of corn steep liquor, 25 g of ammonium chloride, 2.5 g of 
potassium dihydrogenphosphate, 0.75 g of magnesium sulfate heptahydrate, 50 mg of iron sulfate heptahydrate, 13 
mg of manganese sulfate pentahydrate, 50 mg of calcium chloride, 6.3 mg of copper sulfate pentahydrate, 1 .3 mg of 
zinc sulfate heptahydrate, 5 mg of nickel chloride hexa hydrate, 1 .3 mg of cobalt chloride hexahydrate, 1 .3 mg of am- 
monium molybdenate tet rah yd rate, 14 mg of nicotinic acid, 23 mg of p-alariine, 7 mg of thiamin hydrochloride, and 
0.42 mg of biotin to 1 liter of water) contained in a 5 1 jar fermenter and cultured therein at 32°C, 1 vvm and 800 rpm 
while controlling the pH to 7.0 with aqueous ammonia. When glucose in the medium had been consumed, a glucose 
feeding solution (medium prepared by"adding~400 g glucose and 45 g of ammonium chloride to 1 liteFof : water) was 
continuously added. The addition of feeding solution was carried out at a controlled speed so as to maintain the dis- 
solved-oxygen concentration within a range of 0.5 to 3 ppm. After culturing for 29 hours, the culture was terminated. 
The cells were separated from the culture medium by centrifugation and then L-lysine hydrochloride in the supernatant 
was quantified by high performance liquid chromatography (H PLC). The results are shown in Table 2 below. 



Table 2 


Strain 


L-Lysine hydrochloride yield (g/l) 


ATCC 13032 


0 


HD-1 


8 


No. 58 


45 


No. 58pyc 


51 : 



[0386] As is apparent from the results shown in Table 2, the lysine productivity was improved by introducing the 
mutation, Val59Ala, in the horn gene or the mutation, Pro458Ser, in the.pyc gene. Accordingly, it was found that the 
mutations are both " effective mutations relating to the production of lysine. Strain, AH P-3, in which the mutation, 
Val59Ala, in the homgene and the mutation, Pro458Ser, in the pyc gene have been introduced into the wild type ATCC 
13032 strain together with the mutation, Thr331lle in the lysC gene has been deposited on December 5, 2000, in 
National Institute of Bioscience and Human Technology, Agency of Industrial Science and Technology (Higashi 1-1-3, 
Tsukuba-shi, Ibaraki, Japan) as FERM BP-7382. . 

Example 3 " • 



Reconstruction of lysine-producing strain based oh genome information 

[0387] The lysine-producing mutant B-6 strain (Appl. Microbiol. BiotechnoL, 32: 269-273 (1989)), which has been 
constructed by multiple round random mutagenesis with NTG and screening from the wild type ATCC 13032 strain, 
produces a remarkably large amount of lysine hydrochloride when cultured in a jar at 32°C using glucose as a carbon 
source. However, since the fermentation period is long, the production rate is less than 2.1 g/l/h. Breeding to reconstitute 
only effective "mutations relating to the production of lysine among the estimated at least 300 mutations introduced into 
the B-6 straih'tn the wild type ATCC 1 3032 strain was performed. 

(1 ) Identification of mutation point and effective mutation by comparing the gene nucleotide sequence of the B-6 strain 
with that of the ATCC 13032 strain 

[0388] As described above, the nucleotide sequences of genes derived from the B-6 strain were compared with the 
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corresponding nucleotide sequences of the ATCC 13032 strain genome represented by SEQ ID NOS:1 to 3501 and 
analyzed to identify many mutation points accumulated in the chromosome of the B-6 strain. Among these, a mutation, 
Val591Ala, in horn, a mutation, ThrSHIIe, in lysC, a mutation, Pro458Ser, in pyc and a mutation, Ala213Thr : in zwf 
were specified as effective mutations relating to the production of lysine. Breeding to reconstitute the 4 mutations in 
5 the wild type strain and for constructing of an industrially important lysine-producing strain was carried out according 
to the method shown below. 

(2) Construction of plasmid for gene replacement having mutated gene 

w [0389] The plasmid for gene replacement, pChom59, having the mutated horn gene and the plasmid for gene re- 
placement, pCpyc458, having the mutated pyc gene were prepared in the above Example 2(2). Plasmids for gene 
replacement having the mutated lysC and zwrfwere produced as described below. 

[0390] The lysC and zwf having mutation points were amplified by PCR, and inserted into a plasmid for gene re- 
placement, pCES30, according to the TA cloning method described in Example 2(2) (Bio Experiment Illustrated, Vol. 3). 

15 [0391] Separately, chromosomal DNA was prepared from the lysine-producing B-6 strain according to the above 
method of Saito et at. Using the chromosomal DNA as a template, PCR was carried out with Pfu turbo DNA polymerase 
(manufactured by Stratagene). In the mutated lysC gene, the DNAs having the nucleotide sequences represented by 
SEQ ID NOS:7006 and 7007 were used as the primer set. In the mutated zwf gene, the DNAs having the nucleotide 
sequences represented by SEQ ID NOS:7008 and 7009 as the primer set. The resulting PCR product was subjected 

20 to agarose gel electrophoresis, and extracted and purified using GENEGLEAN Kit (manufactured by BIO 101 ). Then, 
the PCR product was allowed to react in the presence of Taq DNA polymerase (manufactured by Roche Diagnostics) 
and dATP at 72°C for 10 minutes so that a nucleotide, adenine (A), was added to the 3'-end. 

[0392] The above pCES30 T vector fragment and the mutated lysC gene (1 .5 kb) or mutated zwf gene (2.3 kb) to 
which the nucleotide A had been added of the PCR product were concentrated by extraction with phenol/chloroform 

25 and precipitation with ethanol, and then ligated using Ligation Kit ver. 2. The ligation products were introduced into the 
ATCC 13032 strain according to the e I ectrop oration method, and cultured on BYG agar medium containing 25 ng/ml 
kanamycin at 30°C for 2 days to obtain kanamycin-resistant transformants. Each of the resulting transformants was 
cultured overnight in BYG liquid medium containing 25 |ig/ml kanamycin, and a plasmid was extracted from the culturing 
solution medium according to the alkali SDS method. As a result of digestion analysis using restriction enzymes, it was 

30 confirmed that the plasmid had a structure in which the 1 .5 kb or 2.3 kb DNA fragment had been inserted into pCES30. 
The plasmids thus constructed were named respectively pClysC311 and pCzwf213. 

(3) Introduction of mutation, Thr311lle, in lysC into one point mutant HD-1 

35 [0393] Since the one mutation point mutant HD-1 in which the mutation, Val59Ala ; in horn was introduced into the 
wild type ATCC 1 3032 strain had been obtained in Example 2(2), the mutation, Thr311 lie, in lysC was introduced into 
the HD-1 strain using pClysC311 produced in the above (2) according to the gene replacement method described in 
Example 2(2). PCR was carried out using chromosomal DNA of the resulting strain and, as the primer set : DNAs having 
the nucleotide sequences represented by SEQ ID NOS:7006 and 7007 in the same manner as in Example 2(2). As a 

40 result of the fact that the nucleotide sequence of the PCR product was determined in the usual manner, it was confirmed 
that the strain which was named AHD-2 was a two point mutant having the mutated lysC gene in addition to the mutated 
horn gene. 

(4) Introduction of mutation, Pro458Ser, in pyc into two point mutant AHD-2 

45 

[0394] The mutation, Pro458Ser, in pyc was introduced into the AHD-2 strain using the pCpyc458 produced in Ex- 
ample 2(2) by the gene replacement method described in Example 2(2). PCR was carried out using chromosomal 
DNA of the resulting strain and, as the primer set, DNAs having the nucleotide sequences represented by SEQ ID 
NOS;7004 and 7005 in the same manner as in Example 2(2). As a result of the fact that the nucleotide sequence of 
•50 the PCR product was determined in the usual manner, it was confirmed that the strain which was named AHD-3 was 
a three point mutant having the mutated pyc gene in addition to the mutated horn gene and lysC gene. 

(5) Introduction of mutation, Ala213Thr, in zwf into three point mutant AHP-3 

55 [0395] The mutation, Ala213Thr, in zwf was introduced into the AHP-3 strain using the pCzwf458 produced in the 
above (2) by the gene replacement method described in Example 2(2). PCR was carried out using chromosomal DNA 
of the resulting strain and, as the primer set DNAs having the nucleotide sequences represented by SEQ ID NOS: 
7008 and 7009 in the same manner as in Example 2(2). As a result of the fact that the nucleotide sequence of the PCR 



227 

BNSDOCID: <EP 1108790A2_I_> 



EP 1 108 790 A2 



20 



25 



product was determined in the usual manner, it was confirmed that the strain which was named APZ-4 was a four point 
mutant having the mutated zwf gene in addition to the mutated Tiom gene, tysC gene and pyc gene.* 

(6) Lysine production test on HD-1 , AHD-2, AHP-3 and APZ-4 strains - ' ^ 

[0396] The HD-1, AHD-2, AHP-3 and APZ-4 strains obtained above were subjected to a culture test in a. 5 I jar 
fermenter in accordance with the method of Example 2(3). * ■ " .:**.'" 

[0397] Table 3 shows the results. 



10 . , - •' , . 




Table 3 






Strain 


L-Lysine hydrochloride (g/l) 


-Productivity (g/i/h) 




HD-1 


8 


0.3 




AHD-2 


73 


25 


15 •. . r . ~ 


AHP-3- 


. 80 


2.8 




APZ-4 


86 


/ " .3 0 ; 



[0398] Since the lysine-producing mutant B-6 strain which has been bred based on the random mutation and selection 
shows a productivity of less than 2.1 g/i/h, the APZ-4 strain showing a high productivity of 3.0 g/l/h is useful in industry. 

(7)-Lysine fermentation-by-APZ-4 strairiathigh temperature — - ~ --- --- ~ - -. .- . ■ - ■■- : - 

[0399] The APZ-4 strain, which had been reconstructed by introducing 4 effective mutations into the wiid.type strain, 
was subjected to trie culturing test in a 5 I jar fermenter in the same manner as in Example 2(3), except that the culturing * 
temperature was changed to 40° C. , , ■ \ 5 

[0400] The results are shown in Table 4. , - : . . . 







-Table 4 




30 - 


Temperature (°C) 


L-Lysine hydrochloride (g/l) 


Productivity (g/l/h) 




32 : 


86. ,. 


r 3.0 




. 40 


95 


3.3 



35 . 



40 



55 



[0401] As is apparent from the results shown in Table 4, the lysine hydrochloride titer and productivity in culturing at 
a high temperature of 40°C comparable to those at 32°G were obtained. In the mutated and bred lysine-producing B- 
6 strain constructed by repeating* random mutation and selection, the growth and the lysine productivity are lowered 
at temperatures exceeding 34°C so that lysine fermentation cannot be carried out, whereas lysine 4 fermentation can 
be carried out using the APZ-4 strain ata high temperature of 40°C so that the load of cooling is greatly reduced and 
it is industrially useful. The lysine fermentation at high temperatures can be achieved by reflecting the high temperature 
adaptability inherently possessed by the wild type strain on the APZ-4 strain. . • • . , ■ u - 
[0402] As demonstrated in the reconstruction of the lysine-producing strain, the present invention provides a novel 
breeding method effective for eliminating the problems in the conventional mutants and acquiring industrially advan : 
tageous strains. This methodology which reconstitutes the production strain by reconstituting the effective mutation is 
an approach which is efficiently carried out using the nucleotide sequence information of the genome disclosed in the 
present invention, and its effectiveness was found for the first time in the present invention. 

Example 4 . , _ • • t . ' . 

Production of DNA microarray and use thereof - . . ■ 

[0403] A DNA microarray was produced based on the nucleotide^sequence information of the ORF deduced from 
the full nucleotide sequences of Corynebactehum glutamicum ATCC 13032 using software, and genes of which ex- 
pression is fluctuated depending on the carbon source. during culturing were searched. 

(1) Production of DNA microarray - -„ 

[0404] Chromosomal DNA was prepared from Corynebactehum glutamicumATCC 1 3032 by the method of Saito et 
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at. ( Biochem. Biophys. Acta, 72. 619 (1963)). Based on 24 genes having the nucleotide sequences represented by 
SEQ ID NOS:207, 3433, 281, 3435, 3439, 765, 3445; 1226, 1229,3448, 3451 : 3453, 3455, 1743, 3470, 2132, 3476, 
3477, 3485, 3488, 3489, 3494, 3496, and 3497 from the ORFs shown in Table 1 deduced from the full genome nucle- 
otide sequence of Corynebacterium glutamicum ATCC 13032 using software and the nucleotide sequence of rabbit 
5 globin gene (GenBank Accession No. V00882) used as an internal standard, oligo DNA primers for PCR amplification 
represented by SEQ ID NOS:7010 to 7059 targeting the nucleotide sequences of the genes were synthesized in a 
usual manner. 

[0405] As the oligo DNA primers used for the PCR, 

[0406] DNAs having the nucleotide sequence represented by SEQ ID NOS:701 0 and 701 1 were used for the ampli- 
fy fication of the DNA having the nucleotide sequence represented by SEQ ID NO:207, 

[0407] DNAs having the nucleotide sequence represented by SEQ ID NOS:7012 and 7013 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3433, 

[0408] DNAs having the nucleotide sequence represented by SEQ ID NOS:7014 and 7015 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:281 , 
15 [0409] DNAs having the nucleotide sequence represented by SEQ ID NOS:7016 and 7017 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3435, 

[0410] DNAs having the nucleotide sequence represented by SEQ ID NOS:7018 and 7019 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3439, 

[0411] DNAs having the nucleotide sequence represented by SEQ ID NOS:7020 and 7021 were used for the am- 
20 plification of the DNA having the nucleotide sequence represented by SEQ ID NO:765, 

[0412]" DNAs having the nucleotide sequence represented by SEQ ID NOS:7022 and 7023 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3445, 

[0413] DNAs having the nucleotide sequence represented by SEQ ID NOS:7024 and 7025 were used for the am- \ 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO: 1226, 
25 [0414] DNAs having the nucleotide sequence represented by SEQ ID NOS:7026 and 7027 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO: 1229, 

[0415] DNAs having the nucleotide sequence represented by SEQ ID NOS:7028 and 7029 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3448, 

[0416] DNAs having the nucleotide sequence represented by SEQ ID NOS:7030 and 7031 were used for the am- 
30 plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3451 , 

[0417] DNAs having the nucleotide sequence represented by SEQ ID NOS:7032 and 7033 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3453, 

[0418] DNAs having the nucleotide sequence represented by SEQ ID NOS:7034 and 7035 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3455, 
35 [0419] DNAs having the nucleotide sequence represented by SEQ ID NOS:7036 and 7037 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:1743, , 
[0420] DNAs having the nucleotide sequence represented by SEQ ID NOS:7038 and 7039 were used for the-am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3470, 

[0421] DNAs having the nucleotide sequence represented by SEQ ID NOS:7040 and 7041 were used for the am- 
40 plification of the DNA having the nucleotide sequence represented by SEQ ID NO:2132, 

[0422] DNAs having the nucleotide sequence represented by SEQ ID NOS:7042 and 7043 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3476, 

[0423] DNAs having the nucleotide sequence represented by SEQ ID NOS:7044 and 7045 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3477, 
45 [0424] DNAs having the nucleotide sequence represented by SEQ ID NOS:7046 and 7047 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3485, 

[0425] DNAs having the nucleotide sequence represented by SEQ ID NOS:7048 and 7049 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3488, 

[0426] DNAs having the nucleotide sequence represented by SEQ ID NOS:7050 and 7051 were used for the am- 
50 plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3489, 

[0427] DNAs having the nucleotide sequence represented by SEQ ID NOS:7052 and 7053 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3494, 

[0428] DNAs having the nucleotide sequence represented by SEQ ID NOS:7054 and 7055 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3496, 
55 [0429] DNAs having the nucleotide sequence represented by SEQ ID NOS:7056 and 7057 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3497, and 

[0430] DNAs having the nucleotide sequence represented by SEQ ID NOS:7058 and 7059 were used for the am- 
plification of the DNA having the nucleotide sequence of the rabbit globin gene, 
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as the respective primer set - • 

[0431] The PCRwas carried for 30 cycles with each cycle consisting of 15 secondsat 95 9 C and 3 minutes at 68°C 
using a thermal cycler (GeneAmp PCR system 9600 ; manufactured by Perkin Elmer). TaKaRa EX-Taq (manufactured 
by Takara Shuzo), 1 00 ng of the chromosomal DNA and the buffer attached to the TaKaRa Ex-Taq reagent. In the case 
of the rabbit globin gene, a single-stranded cDNA which had been synthesized from rabbit globin mRNA (manufactured 
by Life Technologies) according to the manufacture's instructions using a reverse transcriptase RAV-2 (manufactured, 
by Takara Shuzo). The PCR product of each gene thus amplified was subjected to agarose. gel electrophoresis and 
extracted and purified using QIAquick Gel Extraction Kit (manufactured by QIAGEN). The purified PCR product was 
concentrated by precipitating it with ethanol and adjusted to a concentration of 200 ng/uJ. Each PCR product was 
spotted on a slide glass, plate (manufactured by Matsunami Glass) having MAS coating in 2 runs using ,GTM ASS, 
SYSTEM (manufactured by Nippon Laser & Electronics Lab.) according to the manufacture's, instructions. . 

(2) Synthesis of fluorescence labeled cDNA . ■ , " 

75 [0432] The ATCG 1 3032 strain was spread on BY agar medium (medium prepared by adding 20 g of peptone (man- 
ufactured by Kyokuto Pharmaceutical), 5 g "of yeast extract (manufactured by Difco), and 1 6 g of Bactpagar (manufac- 
tured by Difco) to in t liter of water and adjusting its pH to 7.2) and cultured at 30°C for 2 days. Then, the cultured 
strain was further inoculated into 5 ml of BY liquid medium and cultured at 30°C overnight. Then, the cultured strain 
was further inoculated into 30 ml of a minimum medium (medium prepared by adding:5 g of ammonium sulfate, 5 g of 
20 urea, 0.5 g of monopotassium dihydrogenphosphate, 0.5 g of dipotassium monohydrogenphosphate, 20.9 g of mprr 

- pholinopropanesulfonic acidr0:25~g of magnesium suifateheptahydrate,;1 0'mg ofcalcium chloride-dihydrate, 10~mg : 

of manganese sulfate monohydrate, 10 mg of ferrous sulfate heptahydrate, 1 mg of zinc sulfate heptahyd rate,, 0.2 mg 
copper sulfate, and 0.2 mg biotin to 1 liter of water, and adjusting its pH to 6.5) containing 11 0 mmol/l glucose or 200 
mmol/l ammonium acetate, and cultured in an Erlenmyer flask at 30° to give 1 .Q of absorbance at 660 nm. After the 
25 cells were prepared by centrif uging at 4°C and 5,000 rpm for 10 minutes, total RN A was prepared from the resulting 
cells according to the method of Bormann etal. ( Molecular Microbiology, 6\ 317-326 (1992)). To avoid contamination 
with DNA, the RNA was treated with Dnasel (manufactured by Takara Shuzo) at 37°C for 30 minutes and then further 
purified using Qiagen RNeasy MiniKit (manufactured by QIAGEN) according to the manutacture's instructions. To 30 
ug of the resulting total RNA/ 0.6 ul of rabbit globin mRNA (50 ng/u I, manufactured by Life Technologies) and 1 ul of 
30 a random 6 mer primer (500 ng/uJ, manufactured by Takara v Shuzo) were added for denaturing at 65°C for 1 0 minutes, 
followed by quenching on ice. To the resulting solution, 6 uJ of a buffer attached to Superscript II (manufactured by 
Lifetechnolpgies), 3 uJ of 0.1 mol/l DTT, 1.5 |il of dNTPs (25 mmol/l dATP, 25 mmol/l dCTP, 25 mmol/l dGTP, 10 mmol/ 
I dTTP), 1 .5 uJ of.Cy5-dUTP or Cy3-dUTP (manufactured by NEN) and 2 |il of Superscript II were added,: and allowed 
to stand at 25°C for 1 0 minutes and then at 42°C for 1 1 0 minutes. The RNA extracted from the cells using glucose as 
35 the carbon source and, the RNA extracted from the cells using ammonium acetate were labeled with Cy5-dUTP and^ 
Cy3-dUTP, respectively. After the fluorescence labeling reaction, the RNA was digested by adding ! .5 uJ of 1 mot/I 
sodium hydroxide-20 mmol/l EDTA solution and 3.0 5 uJ of 10% SDS solution, and allowed to stand at 65°C for 10 
minutes. The two cDNA solutions after the labeling were mixed and purified using Qiagen PCR purification Kit (man . 
ufactured by QIAGEN) according to the manufacture's instructions to give a volume of 10 uJ. *' * 



40 



(3) Hybridization 



[0433] UltraHyb (110|il) (manufactured by Ambioh) and the f luorescence-labeled cDNA solution (10 pJ) were mixed 
and subjected to hybridization and the subsequent washing of slide glass using GeneTAC Hybridization Station (man-- 
45 ufactured by Genomic Solutions) according to the manufacture's instructions. The hybridization was carried out at 
50°C, and the washing was carried out at 25°C. 

(4) Fluorescence analysis . 

so [0434] The fluorescence amount of each DNA array having the fluorescent cDN A hybridized therewith was measured 
using ScanArray 4000 (manufactured by GSI Lumonics). 

[0435] Table 5 shows the Cy3 and Cy5 signal intensities of the genes having been corrected on the basis of the data 
of the rabbit globin used as the internal standard and the Cy3/Cy5 ratios. ■-. . , - , 

55 . . . , Table 5 . 



SEQ ID NO 


Cy3 intensity 


Cy5 intensity 


Cy3/Cy5 


207 


5248 


3240 


1 :62 
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Table 5 (continued) 



5 



10 



15 



20 



25 



SEQ ID NO 


Cy3 intensity 


Cy5 intensity 


Cy3/Cy5 


3433 


2239 


2694 


0.83 


281 


2370 


2595 


0.91 


3435 


2566 


2515 


1.02 


3439 


5597 


6944 


0.81 


765 


6134 


4943 


1.24 


3455 


1169 


1284 


0.91 


1226 


1301 


1493 


0.87 


1229 


1168 


1131 


1.03 


3448 


1187 


1594 


0.74 


3451 


2845 


3859 


0.74 


3453 * 


. 3498 


1705 


2.05 


3455 


1491 


1144 


1.30 


1743 . 


1972 


1841 


1.07 


3470 


4752 


* 3764 


1.26 


2132 


1173 


1085 


1.08 


3476 


1847 


1420 


1.30 


3477 * 


1284 


1164 


1.10 


" 3485 


4539 


8014 


0.57 


3488 


34289 


1398 


24.52 


3489 


43645 


1497 


29.16 


3494 


3199 


2503 


1.28 


3496 


3428 


2364 


1 .45 


* 3497 


3848 


• 3358 


1.15 



[0436] The ORF function data estimated by using software were searched for SEQ ID NOS:3488 and 3489 showing 
remarkably strong Cy3 signals. As a result, it was found that SEQ ID NOS.3488 and 3489 are a maleate synthase 
gene and an isocitrate lyase gene, respectively. It is known that these genes are transcriptionally induced by acetic 
acid in Corynebacterium glutamicum (Archives of Microbiology, 168: 262-269 (1 997)). 

[0437] As described above, a gene of which expression is fluctuates could be discovered by synthesizing appropriate 
oligo DNA primers based on the ORF nucleotide sequence information deduced from the full genomic nucleotide 
sequence information of Corynebacterium glutamicum ATCC 1 3032 using software, amplifying the nucleotide sequenc- 
es of the gene using the genome DNA of Corynebacterium glutamicum as a template in the PGR reaction, and thus 
producing and using a DNA microarray. 

[0438] This Example shows that the expression amount can be analyzed using a DNA microarray in the 24 genes. 
On the other hand, the present DNA microarray techniques make it possible to prepare DNA microarrays having thereon 
several thousand gene probes at once. Accordingly, it is also possible to prepare DNA microarrays having thereon all 
of the ORF gene probes deduced from the full genomic nucleotide sequence of Corynebacterium glutamicum ATCC 
13032 determined by the present invention, and analyze the expression profile at the total gene level of Corynebac- 
terium glutamicum using these arrays. 

Example 5 

Homology search using Corynebacterium glutamicum genome sequence 
(1) Search of adenosine deaminase 

[0439] The amino acid sequence (ADD_ECOLI) of Escherichia coti adenosine deaminase was obtained from Swiss- 
prot Database as the amino acid sequence of the protein of which function had been confirmed as adenosine deaminase 
(EC3.5.4.4). By using the full length of this amino acid sequence as a query, a homology search was carried out on a 
nucleotide sequence database of the genome sequence of Corynebacterium glutamicum or a database of the amino 
acids in the ORF region deduced from the genome sequence using FASTA program [Proc. Natl. Acad. Sci. ISA, 85: 
2444-2448 (1988)). A case where E-value was le' 10 or less was judged as being significantly homologous. As a result, 
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no sequence significantly homologous with the Escherichia coli adenosine deaminase was found in the nucleotide 
sequence database of the genome sequence of Corynebacterium glutamicum or the database of the amino acid se- 
■ quences in the ORF region deduced from the genome sequence. Based on these results, it is assumed that Coryne- 
bacterium glutamicum contains, no ORF having adenosine deaminase activity and thus has no activity of converting 
5 adenosine into inosine. : . 

(2) Search of glycine cleavage enzyme . / • 

[0440] The sequences (GCSP_ECOLI, GCST_ECOLI and GCSH__ECOI_i) of glycine decarboxylase, aminomethyL 
to\. transferase and an aminomethyl group carrier each of which is a component of Escherichia coli glycine cleavage 
enzyme as the amino acid sequence of the protein,.of which function had been confirmed as glycine cleavage enzyme 
/ (EC2.1 .2.10), were obtained from Swiss-prot Database. 
[0441 ] By usingthese full-length amino acid sequences as a query, a homology search was carried out on a nucleotide 
sequence database of the genome sequence of Corynebacterium glutamicum or a database of the ORF amino acid 
* sequences deduced from the genome'sequence using FASTA program. A case where E-value was le -10 or less was 
judged as being significantly hbmologous; As a result, no sequence significantly homologous with the glycine decar- 
boxylase, the aminomethyl transferase or the aminomethyl group carrier each of which is a component of Escherichia 
coli glycine cleavage enzyme, was found in. the nucleotide sequence database of the genome sequence of Coryne- 
bacterium glutamicum qv the database of the ORF amino acid sequences estimated from the genome sequence. Based 
on these results, jt is assumed that Corynebacterium glutamicum t contains no ORF having the activity of glycine de- 
- - - carboxylase r am inomethyl transferase or the aminomethyl group carrier and thus has no activity of the glycine cleavage^ 
enzyme. . / • 

(3) Search of IMP dehydrogenase ' ' 

25 . , . _ - 

[0442] The amino acid sequence (IMDH ECOLI) of Escherichia coli IMP dehydrogenase as the amino acid sequence 
of the protein, of which function had been confirmed as IMP dehydrogenase (ECi .1 .i .205), was obtained from Swiss- 
prot Database. By using the full length of this amino acid sequence as, a query, a homology search was carried out oh 
a nucleotide sequence database of the genome sequence of Corynebacterium glutamicum or a database of the ORF 
30 amino acid sequences predicted from the genome sequence using FASTA program. A case where E-value was le" 10 
or less was judged as being significantly homologous. As a result, the amino acid sequences encoded by two ORFs, 
namely, an ORF positioned in the region of the nucleotide sequence No. 61 5336.to 61 6853 (or ORF having the nucle- 
otide sequence represented by SEQ ID NO:672) and another ORF positioned in the region.of the nucleotide sequence 
No. 616973 to 618094 (or ORF having the nucleotide sequence represented by SEQ ID NO:674) were significantly 
homologous with the ORFs of Escherichia coli IMP dehydrogenase. By using the above-described. predicted amino, 
acid sequence as a query in order to examine the similarity of the amino acid sequences encoded by the ORFs with 
IMP dehydrogenases of other organisms in greater detail, a search was carried out on.GenBank.(http://www.ricbi.nlm : . 
nih.gov/) nr-aa database (amino acid sequence database constructed on the basis of GenBankCDS translation prod- 
ucts, PDB database, Swiss-Prbt database, R.IR database, PRF,database by eliminating duplicated registrations) using 
40 BLAST program. ( As a result, both of the two amino acid sequences showed significant homologies with IMP dehdy- 
rogenases of other organisms and clearly higher homologies with IMP dehdyrogenases than with amino acid sequences 
of other proteins, and thus, it was assumed that the two ORFs would function as IMP dehydrogenase. Based on these 
results, it was therefore assumed that Corynebacterium glutamicum has two ORFs having the IMP dehydrogenase 
. activity. ' . 

45 ■ • . . . ; - - ■ ' . . • 

Example 6 

Proteome analysis of proteins derived from Corynebacterium glutamicum 

so (1 ) Preparations of proteins derived from Corynebacterium glutamicum ATCC 13032, FERM BP-7134 and FERM BP- 

158 - • ' \ • " . 1 

[0443].- Culturing tests of Corynebacterium glutamicum ATCC 1 3032 (wild type strain), Corynebacterium glutamicum 
FERM BP-7134 (lysine-producing stratn),and Corynebacterium glutamicum (FERM BP-158, lysine-highly producing 
55 strain) were carried out in a 5 J jarfermenter according to the method in Example 2(3). The results are shown.in Table 6. 



35 
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Table 6 



Strain 


L-Lysine yield (g/l) 


ATCC 13032 


0 


FERM BP-7134 


45 


FERM BP-158 


60 



[0444] After culturing, cells of each strain were recovered by centrifugation. These cells were washed with Tris-HCI 
10 buffer (10 mmol/l Tris-HCI, pH 6.5, 1 .6 mg/ml protease inhibitor (COM PLETE; manufactured by Boehringer Mannheim)) 
three times to give washed cells which could be stored under freezing at -80°C. The freeze-stored cells were thawed 
before use, and used as washed cells. 

[0445] The washed cells described above were suspended in a disruption buffer (1 0 mmol/l Tris-HCI, pH 7.4, 5 mmol/ 
I magnesium chloride, 50 mg/l RNase, 1 .6 mg/ml protease inhibitor (COMPLETE: manufactured by Boehringer Man- 
's nheim)), and disrupted with a disruptor (manufactured by Brown) under cooling. To the resulting disruption solution, 
DNase was added to give a concentration of 50 mg/l, and allowed to stand on ice for 10 minutes. The solution was 
centrifuged (5,000 x g, 15 minutes, 4°C) to remove the undisrupted cells as the precipitate, and the supernatant was 
recovered. •" . 

[0446] To the supernatant, urea was added to give a concentration of 9 -mot/I, and an equivalent amount of a lysis 
20 buffer (9.5 mol/l urea, 2% NP-40, 2% Ampholine, 5% mercaptoethanol, 1.6 mg/ml protease inhibitor (COMPLETE; . t 
manufactured by Boehringer Mannheim) was added thereto, followed by thoroughly stirring at room temperature for 
dissolving. * ■ , ' 

[0447] After being dissolved, the, solution was centrifuged at 12,000 x g for 15 minutes, and the supernatant was 
recovered. 

25 [0448] To the supernatant, ammonium, sulfate was added to the extent of 80% saturation, followed by thoroughly 
stirring for dissolving. 

[0449] After being dissolved, the solution was centrifuged (16,000 x g, 20 minutes, 4°C), and the precipitate was 
recovered. This precipitate was dissolved in the lysis buffer again and used in the subsequent procedures ,as a protein 
sample. The protein concentration of this sample was determined by the method for quantifying protein of Bradford. 
30 •. ... .. «' 

(2) Separation of protein by two dimensional electrophoresis 

[0450] The first dimensional electrophoresis was carried out as described below by the isoelectric electrophoresis 
method. 

35 [0451] A molded dry IPG strip gel (pH 4-7, 13 cm, Immobiline DryStrips; manufactured by Amersham Pharmacia 
Biotech) was set in an electrophoretic apparatus (Multiphor II or IPGphor; manufactured by Amershanh Pharmacia 
Biotech) and a swelling solution (8 mol/l urea, 0.5% Triton X-100, 0.6% dithiothreitol, 0.5% Ampholine, pH 3-10) was 
packed therein, and the gel was allowed to stand for swelling 12 to 16 hours. 

[0452] The protein sample prepared above was dissolved in a sample solution (9 mol/l urea, 2% CHAPS, 1% dithi- 
40 othreitol, 2% Ampholine, pH 3-1 0) , and then about 1 00 to 500 u,g (in terms of protein) portions thereof were taken and 
added to the swollen IPG strip gel. 

[0453] The electrophoresis was carried out in the 4 steps as defined below under controlling the temperature to 20°C: 

step 1 : 1 hour under a gradient mode of 0 to 500V; 
45 step 2: 1 hour under a gradient mode of 500 to 1,000 V; 

step 3: 4 hours under a gradient mode of 1,000 to 8,000 V; and 
step 4: 1 hour at a constant voltage of 8,000 V. . 

[0454] After the isoelectric electrophoresis, the I PG strip gel was put off from the holder and soaked in an equilibration - 
so buffer A (50 mmol/l Tris-HCI, pH 6.8, 30% glycerol; 1% SDS, 0.25% dithiothreitol) for 15 minutes and another equili- 
bration buffer B (50 mmol/l Tris-HCI, pH 6.8, 6 mol/l urea, 30% glycerol, 1 % SDS, 0.45% iodo acetamide) for 1 5 minutes 
to sufficiently equilibrate the gel. - 

[0455] Afterthe equilibrium, the IPG strip gel was lightly rinsed in an SDS electrophoresis buffer (1 .4% glycine, 0.1% 
SDS, 0.3% Tris-HCI, pH 8.5), and the second dimensional electrophoresis depending on molecular weight was carried 
55 out as described below to separate the proteins. . 

[0456] Specifically, the above IPG strip gel was closely placed on 14% polyacrylamide slub gel (14% polyacrylamide, 
0.37% bisacrylamide, 37.5 mmol/l Tris-HCI, pH 8.8, 0.1% SDS, 0.1% TEMED, 0.1% ammonium persulfate) andsub- 
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jected to electrophoresis under a constant voltage of 30 mA at 20°C for 3 hours to separate the proteins 

(3) Detection of protein spot 

5 [0457] Goomassie staining was performed by the method of Gorg et at. (Electrophoresis, 9: 531-546 (1988)) for the 
slub gel after the second dimensional electrophoresis. Specifically, the slub gel was stained under shaking at 25°C for 
about 3 hours, the excessive coloration was removed with a decoloring solution, and the gel was thoroughly washed 
with distilled water. 

[0458] The results are shown in Fig. 2. The proteins derived from the ATCC 1 3032 strain (Fig. 2A), FERM BP-71 34 
10 . strain (Fig. 2B) and FERM BP-1 58 strain (Fig. 2C) could be separated and detected as spots. . 

(4) I n-gel digestion of detected protein spot . . ... ••' 

[0459] The detected spots were each cut-out from the gel and transferred into siliconized tube, and 400 |il of 100 
is mmol/1 ammonium bicarbonate : acetonitrile solution (1:1, v/v) was added thereto, followed by shaking overnight and 
freeze-dried as such. To the dried gel/1 0 jal of a lysyleridopeptidase (LysC) solution (manufactured by WAKO, prepared 
with 0:1 % SDS-containing 50 mmol/l ammonium bicarbonate to give a concentration of 1 00 ng/uJ) was added and the 
gel was allowed to stand for swelling at 0°C for 45 minutes, and then allowed to stand at 37°C for 16 hours. After 
removing the LysC solution, 20 uJ of an extracting solution (a mixture of 60% acetonitrile and 5% formic acid) was 
20 added, followed by ultrasonication at room temperature for 5 minutes to disrupt the gel. After the disruption, the extract 
-~ - - ^ was^recovered^bycentrifugation (12;000"rpm", 5 minutesrroomnemperature): This~operation~was repeated twice to ~ 
recover the whole extract. The recovered extract was concentrated by centrifugation in vacuole halve the liquid volume. 
To the concentrate, 20 uJ of 0:1% trifluoroacetic acid was added, followed by thoroughly stirring, and the mixture was 
subjected to desalting using ZipTip (manufactured by Millipore). The protein absorbed on the carriers of ZipTip" was 
25 eluted with 5 u.l of a-cyano-4-hydroxycinnamic acid for use as a sample solution for analysis. ■ . 

(5) Mass spectrometry and amino acid sequence analysis of protein spot with matrix assisted laser desorption ionization 
time of flight mass spectrometer (MALDI-TOFMS) 

30 [0460] The sample solution for analysis was mixed in the equivalent amount with a solution of a peptide mixture for 
mass calibration (300 nmol/l Angiotensin II, 300 nmol/l Neurotensin, 150 rimol/l ACTHclip 1 8-39, 2.3 u.mo(/l bovine 
insulin B chain), and 1 jxl of the obtained solution was spotted on a stainless probe and crystallized by spontaneously 
, drying. • " • ' • " ' " ' ■ - 

[0461] As measurement instruments, REFLEX MALDI-TOF mass spectrometer (manufactured by Bruker) and an 

35 N2 laser (337 nm) 1 were used in combination. . . . 

[0462] The analysts by PMF (peptide-mass finger printing) was carried'out us fng integration spectra clata obtained 
by measuring 30 times at an accelerated voltage of 19.0 kV and a detector voltage of 1 .50 kV under reflector mode 
conditions. Mass calibration was carried out by the internal standard method. - . * 

- [0463] The PSD (post-source decay)- analysts was carried'out using integration spectra obtained by successively 

40 altering the reflection voltage and the detector voltage at an accelerated voltage of 27.5 kV. J - 

[0464] The masses and amino acid sequences of the peptide fragments derived from the protein spot after digestion 
were thus determined. , , 

(6) Identification of protein spot 

45 : • • , „. •• ... •• .• ■ . " • 

[0465] From the amino acid sequence information of the digested peptide fragments derived from the protein spot 
obtained in the above (5), ORFs corresponding to the protein were searched on the genome sequence database of 
Corynebactehum glutamicum ATCC 13032 as constructed in Example 1 to identify the protein. 

[0466] The identification of the protein was carried out using MSiFit program and MS-Tag program of intranet protein 
so prospector, • k - .... 

(a) Search and identification of gene encoding high-expression protein • , . - . • : ' 

[0467] In the proteins derived from Corynebactehum glutamicum ATCC 13032 showing high expression amounts in 
55 CBB-staining shown in Fig. 2A, the proteins corresponding to Spots-1 , 2, 3, 4 and 5 were identified by the above method: 
[0468] As'a result, it was found that Spof-1 corresponded to enolase which was a protein having the amino acid 
sequence of SEQ ID NO:4585; Spot-2 corresponded to phosphoglycelate kinase which was a protein having the arriino 
acid sequence of SEQ ID NO:5254; Sppt-3 corresponded to glyceraldehyde-3-phosphate dehydrogenase which was 
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a protein having the amino acid sequence represented by SEQ ID NO:5255; Spot-4 corresponded to fructose bis- 
phosphate aldolase which was a protein having the amino acid sequence represented by SEQ ID NO:6543; and Spot- 
5 corresponded to those phosphate isomerase which was a protein having the amino acid sequence represented by 
SEQ ID NO:5252. 

5 [0469] These genes, represented by SEQ ID NOS:1 085, 1 754, 1 775, 3043 and 1 752 encoding the proteins corre- 
sponding to Spots-1, 2, 3, 4 and 5, respectively, encoding the known proteins are important in the central, metabolic 
pathway for maintaining the life of the microorganism. Particularly, it is suggested that the genes of Spots-2, 3 and 5 
form an operon and a high-expression promoter is encoded in the upstream thereof [J, of Eacteriol., 174: 6067-6086 
(1992)). 

10 [0470] Also, the protein corresponding to Spot-9 in Fig. 2 was identified in the same manner as described above, 
and it was found that Spot-9 was an elongation factor Tu which was a protein having the amino acid sequence repre- 
sented by SEQ ID No:6937, and that the protein was encoded by DNA having the nucleotide sequence represented 
by SEQ ID No:3437. 

[0471 ] Based on these results, the proteins having high expression level were identified by proteome analysis using 
15 the genome sequence database of Corynebacterium glutamicum constructed in Example 1 . Thus, the nucleotide se- 
quences of the genes encoding the proteins and the nucleotide sequences upstream thereof could be searched simul- 
taneously. Accordingly, it is shown that nucleotide sequences having a function as a high-expression promoter can be 
efficiently selected. 

20 (b) Search and identification of modified protein 

[0472] Among the proteins derived from Corynebacterium glutamicum FERM BP-7134 shown in Fig. 2B, Spots-6, 
7 and 8 were identified by the above method. As a result, these three spots all corresponded to catalase which was a 
protein having the amino acid sequence represented by SEQ ID NO:3785. 
25 [0473] Accordingly, all of Spots-6, 7 and 8 detected as spots differing in isoelectric mobility were all products derived 
from a catalase gene having the nucleotide sequence represented by SEQ ID No:285. Accordingly, it is shown that 
the catalase derived from Corynebacterium glutamicum FERM BP-7134 was modified after the translation. 
[0474] Based on these results, it is confirmed that various modified proteins can be efficiently searched by proteome " 
analysis using the genome sequence database of Corynebacterium glutamicum constructed in Example 1 . 

30 

(c) Search and identification of expressed protein effective in lysine production 

[0475] It was found out that in Fig. 2A (ATCC 13032: wild type strain), Fig. 2B (FERM BP-7134: lysine-p reducing 
strain) and Fig. 2C (FERM BP-158: lysine-highly producing strain), the catalase corresponding to Spot-8 and the elon- 
35 gation factor Tu corresponding to Spot-9 as identified above showed the higher expression level with an increase in 
the lysine productivity. 

[0476] Based on these results, it was found that hopeful mutated proteins can be efficiently searched and identified 
in breeding aiming at strengthening the productivity of a target product by the proteome analysis using the genome 
sequence database of Corynebacterium glutamicum constructed in Example 1 . 
40 [0477] Moreover, useful mutation points of useful mutants can be easily specified by searching the nucleotide se- 
quences (nucleotide sequences of promoter, ORF, or the like) relating to the identified proteins using the above data- 
base and using primers designed on the basts of the sequences. As a result of the fact that the mutation points are 
specified, industrially useful mutants which have the useful mutations or other useful mutations derived therefrom can 
be easily bred. 

[0478] While the invention has been described in detail and with reference to specific embodiments thereof, it will 
be apparent to one of skill in the art that various changes and modifications can be made therein without departing 
from the spirit and scope thereof. All references cited, herein are incorporated in their entirety. 



50 Claims 

1 . A method for at least one of the following: 

(A) identifying a mutation point of a gene derived from a mutant of a coryneform bacterium, 
55 (B) measuring an expression amount of a gene derived from a coryneform bacterium, 

(C) analyzing an expression profile of a gene derived from a coryneform bacterium, 

(D) analyzing expression patterns of genes derived from a coryneform bacterium, or 

(E) identifying a gene homologous to a gene derived from a coryneform bacterium, 
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said method comprising: . • , ■ , 

(a) producing a polynucleotide array, by adhering to a solid support at least two polynucleotides selected 
from the, group consisting of first polynucleotides comprising the nucleotide sequence represented by any 

5 ♦ . one of SEQ ID NOS:1 to 3501 , second polynucleotides which hybridize with the first polynucleotides under- 

stringent conditions, and third polynucleotides comprising a sequence of 10 to 200 continuous bases of 
the first or second polynucleotides, " " - * . . 

♦ (b) incubating the polynucleotide array with aUeast one of a labeled polynucleotide derived from a co- 
ryneform bacterium, a labeled polynucleotide derived from a mutant of the coryneform bacterium or a 

10 labeled polynucleotide to be. examined, under hybridization conditions, 

(c) detecting any hybridization; and ' ^ ' . 

- (d) analyzing the result of the hybridization. 

2. The method according to claim 1 , wherein the coryneform bacterium is a microorganism belonging to the genus 
is. - Corynebactehum, the genus Brevibacterium, or the genus Microbactehum. 

3. The method according to claim 2, wherein the microorganism belonging to the genus Corynebactehum is selected 
from the group consisting of Corynebactehum gtutamicum, Corynebactehum acetoacidophilum, Corynebactehum: 
acetogiutamicum, Corynebactehum callunae, Corynebactehum herculis, Corynebactehum Wium, Corynebacteri-. 
um metassecota, Corynebactehum thermoaminogenes, and Corynebactehum ammoniagenes. 
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4- The method according to claim 1 , wherein the polynucleotide derived from a coryneform bacterium, the polynuce-v . 
lotide derived from a mutant of the coryneform bacterium or the polynucleotide to be examined is a gene relating 
' ' ' to the biosynthesis of at (east one compound selected from an amino acid, a nucleic acid, a vitamin, a saccharide, 
25 an organic acid; and analogues thereof. - 

5. The method according to claim 1 ; wherein the polynucleotide to be examined is derived from Escherichia coli. 

6. A polynucleotide array, comprising: ■ 

30 ' / - _ 

. at least two polynucleotides selected from the group consisting of first poly 

otide sequence represented by any one of SEQ ID NOS:1 to 3501, second polynucleotides which hybridize 
with the first polynucleotides under stringent conditions, and third polynucleotides comprising 10 to 200 con- 
tinuous bases of the 1 first or second polynucleotides, and ■ ... - . 
55 a solid support adhered thereto. • : ' . - ; r 

7. A polynucleotide comprising the nucleotide sequence represented by SEQ ID NO:1 or a polynucleotide having a , 
- homology of at least 80% with the polynucleotide. * * ; - - 

40 8. * A polynucleotide comprising any one of the nucleotide sequences represented by SEQ ID NOS:2 to 3431 , or a 
. polynucleotide which hybridizes with the polynucleotide under stringent conditions: ' - 

9. A polynucleotide encoding a polypeptide having any one of the amino acid sequences represented by SEQ ID 
NOS:3502 to 6931 , or a polynucleotide which hybridizes therewith under stringent conditions. 

45 . , . : . . * . _ ■ - 

10. Apolynucleotide'which ispresenf in the 5 v upstream or 3' downstream of a polynucleotide comprising.the nucleotide 
sequence of any one of SEQ ID NOS:2 to 3431 in a whole polynucleotide comprising the- nucleotide sequence 
represented by SEQ ID NO: 1 , and has an activity of regulating an expression of the polynucleotide. 
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A polynucleotide comprising 1 0 to 200 continuous bases in the nucleotide sequence of the polynucleotide of any 
one of claims 7 to 10, or a polynucleotide comprising a nucleotide sequence complementary to the polynucleotide 
comprising 10 to 200 continuous based. . , ^ • 

12. A recombinant DNA comprising the polynucleotide of any one of claims 8 to 11 . 

13. A transformant comprising the polynucleotide of any one of claims 8 to 11 or the recombinant DNA of claim 12. 

14. A method for producing a polypeptide, comprising: 
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culturing the transformant of claim 13 in a medium toproduce and accumulate a polypeptide encoded by the 
polynucleotide of claim 8 or 9 in the medium, and 
recovering the polypeptide from the medium. 

5 15. A method for producing at least one of an amino acid, a nucleic acid, a vitamin, a saccharide, an organic acid : and 
analogues thereof, comprising: 

culturing the transformant of claim 13 in a medium to produce and accumulate at least one of an amino acid, 
a nucleic acid, a vitamin, a'saccharide, an organic acid, and analogues thereof in the medium, and 
w . recovering the at least one of the amino acid, the nucleic acid, the vitamin, the saccharide, the organic acid, 

and analogues thereof from the medium. 

16. A polypeptide encoded by a polynucleotide comprising the nucleotide sequence selected from SEQ ID NOS:2 to 
3431., 

17. A polypeptide comprising the amino acid sequence selected from SEQ ID NOS:3502 to 6931 . 

18. The polypeptide according to claim 16 or 17, wherein at least one amino acid is deleted, replaced, inserted or 
- added, said polypeptides having an activity which is substantially the same as that of the polypeptide without said 

20 at least one amino acid deletion, replacement, insertion or addition. 

1 9. A polypeptide comprising an amino acid sequence having a homology of at least 60% with the amino acid sequence 
of the polypeptide of claim 1 6 or 1 7, and having an activity which is substantially the same as that of the polypeptide. 

25 20. An antibody which recognizes the polypeptide of any one of claims 1 6 to 19. 

21. A polypeptide array, comprising: 

at least one polypeptide or partial fragment polypeptide selected from the polypeptides of claims 16 to 19 and 
30 partial fragment polypeptides of the polypeptides, and 

a solid support adhered thereto. 

22. A polypeptide array, comprising: 

35 at least one antibody which recognizes a polypeptide or partial fragment polypeptide selected from the polypep- 

tides of claims 16 to 19 and partial fragment polypeptides of the polypeptides, and 
a solid support adhered thereto. 

23. A system based on a computer for identifying a target sequence or a target structure motif derived from a coryne- 
40 form bacterium, comprising the following: 

(i) a user input device that inputs at least one nucleotide sequence information selected from SEQ ID NOS:1 
to 3501 , and target sequence or target structure motif information; 

(ii) a data storage device for at least temporarily storing the input information; 

45 (jjj) a comparator that compares the at least one nucleotide sequence information selected from SEQ ID NOS: 

1 to 3501 with the target sequence or target structure motif information, recorded by the data storage device 
for screening and analyzing nucleotide sequence information which is coincident with or analogous to the 
target sequence or target structure motif information; and 

(iv) an output device that shows a screening or analyzing result obtained by the. comparator. 

so 

24. A method based on a computer for identifying a target sequence or a target structure motif derived from a coryne- 
form bacterium, comprising the following: 

(i) inputting at least one nucleotide sequence information selected from SEQ ID NOS:1 to 3501, target se- 
55 quence information or target structure motif information into a user input device; 

(ii) at least temporarily storing said information; 

(iii) comparing the at least one nucleotide sequence information selected from SEQ ID NOS:1 to 3501 with 
the target sequence or target structure motif information; and 



237 

BNSDOCID:<EP 1108790A2J_> 



EP 1.108 790 A2 

- (iv) screening and analyzing nucleotide sequence information which is coincident with or analogous to the 
target sequence or target structure motif information. 

25. A system based on a computer for identifying a target sequence or a target structure motif derived from a coryne- 
•5 form bacterium, comprising the following: 

(i) a user input device that inputs at least one amino acid sequence information selected from SEQ ID NOS: 
3502 to 7001 , and target sequence or target structure motif information; ; 

(ii) a data storage device for at least temporarily storing the input information; 

10 f (iii) a comparator that compares the at least one amino acid sequence information selected from SEQ ID.NOS: 

3502 to 7001 with the target sequence or target structure motif information, recorded by the data storage' 
* . device for screening and analyzing amino acid sequence information which is coincident with or analogous to 

the target sequence or target structure motif information; and , 
(iv) an output device that shows a screening or analyzing result obtained by the comparator. fc 

26. A method based on a computer for identifying a target sequence ;or a target structure motif derived from a coryne- 
form bacterium, comprising the following: 

(i) inputting alleasl one amino acid sequence information selected from SEQ ID NQS:3502 to 7001 , and target 
20 sequence information or target structuremotif information into a user input device; ;■ ■ . ' * 
.(jj) a t | east -tempo rarity storing -said -information; -.— *~ ; — — ■ ' - — — - 

* (iii) comparing the at least one amino acid sequence information selected .from .SEQ ID NOS:3502 to -7001 
■ with, the target sequence or target structure motif information; and * : 

(iv) screening and analyzing amino acid -sequence information which js coincident with or analogous to the 
25 target sequence or target structure motif information, / -.. ^ , 

27. A system based on a computer for determining a function of a polypeptide encoded by a polynucleotide having a 
target nucleotide sequence derived from a coryneform bacterium, comprising the following: 

30 (i) a user input device that inputs at least one nucleotide sequence information selected from SEQ ID NOS:2 

to 3501 , function information of a polypeptide encoded by the nucleotide sequence; and target nucleotide 
sequence information; 

(ii) a data storage device for at least temporarily storing the input information; 

(iii) a comparator that compares the at least one nucleotide sequence information selected from SEQ ID NOS: 
35 ■*■ • 2 to 3501 with the target nucleotide sequence information for determining a function of a polypeptide encoded 

by*a polynucleotide having the target nucleotide sequence which is coincident with or analogous to the poly- 
nucleotide having at least one nucleotide sequence selected from SEQ ID NOS:2 to 3501 ; and > 

(iv) an output devices that shows a function obtained by the comparator. 

40 28. A method based on a computer for determining a function of a polypeptide encoded by a polypeptide encoded by 
a polynucleotide having a target nucleotide sequence derived from a coryneform bacterium, comprising the fol- 
lowing: • - ( ' . . 

(i) inputting at least one nucleotide sequence information selected from SEQ ID NOS:2 to 3501 , functionJn- 
45 formation of a polypeptide encoded by the nucleotide sequence, and target nucleotide sequence information; 

, (ii) at least temporarily storing said information; ■ \ ■ K ■ 

(iii) comparing the at least one nucleotide sequence information selected from SEQ ID NOS:2 to 3501 with 
the target nucleotide sequence information; and , - 

(iv) determining a function of a polypeptide encoded by a polynucleotide having the target nucleotide sequence 
50 which is coincident with or analogous to the polynucleotide having at least one nucleotide sequence selected 

from SEQ ID NOS:2 to 3501 . < 

29. A system based on a computer for determining a function of a polypeptide having a target amino acid sequence 
derived from a coryneform bacterium; comprising the following: - 
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(i) a user input device that inputs at least one amino acid sequence information selected from SEQ ID NOS: 
3502 to 7001 . function information based on the amino acid sequence, and target amino acid sequence infor- 
mation; . • • 
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(ii) a data storing device for at least temporarily storing the input information; 

(iii) a comparator that compares the at least one amino acid sequence information selected from SEQ ID NOS: 
3502 to 7001 with the target amino acid sequence information for determining a function of a polypeptide 
having the target amino acid sequence which is coincident with or analogous to the polypeptide having at least 

5 one amino acid sequence selected from SEQ ID NOS:3502 to 7001 ; and 

(iv) an output device that shows a function obtained by the comparator. 

30. A method based on a computer for determining a function of a polypeptide having a target amino acid sequence 
derived from a coryneform bacterium, comprising the following: 

10 

(i) inputting at least one amino acid sequence information selected from SEQ ID NOS:3502 to 7001 , function 
information based on the amino acid sequence, and target amino acid sequence information; 

(ii) at least temporarily storing said information; 

(iii) comparing the at least one amino acid sequence information selected from SEQ ID NOS:3502 to 7001 
is with the target amino acid sequence information; and 

(iv) determining a function of a polypeptide having the target amino acid sequence which is coincident with or 
analogous to the polypeptide having at least one amino acid sequence selected from SEQ ID NOS:3502 to 
7001 . 

20 31. The system according to anyone of claims 23, 25, 27 and 29, wherein a coryneform bacterium is a microorganism 
of the genus Coryhebacterium, the genus Brevibacterium, or the genus Microbacterium. 

32. The method according to any one of claims 24, 26, 28 and 30, wherein a coryneform bacterium is a microorganism 
of the genus Corynebacterium, the genus Brevibacterium, or the genus Microbacterium. 

25 ' 

33. The system according to claim 31 , wherein the microorganism belonging to the genus Corynebacterium is selected 
from the group consisting of Corynebacterium glutamicum, Corynebacterium acetoacidophilum, Corynebacterium 
acetogtutamicum, Corynebacterium callunae, Corynebacterium herculis, Corynebacterium litium, Corynebacteri- 
um melassecola, Corynebacterium thermoaminogenes, and Corynebacterium ammoniagenes. 

30 

34. The method according to claim 32 f wherein the microorganism belonging to the genus Corynebacterium is selected 
from the group consisting of Corynebacterium glutamicum, Corynebacterium acetoacidophilum, Corynebacterium 
acetogtutamicum, Corynebacterium callunae, Corynebacterium herculis, Corynebacterium liiium, Corynebacteri- 
um melassecola, Corynebacterium thermoaminogenes, and Corynebacterium ammoniagenes. 

35 . 

35. A recording medium or storage device which is readable by a computer in which at least one nucleotide sequence 
information selected from SEQ ID NOS:1 to 3501 or function information based on the nucleotide sequence is 
recorded, and is usable in the system of claim 23 or 27 or the method of claim 24 or 28. 

•*o- 36. A recording medium or storage device which is readable by a computer in which at least one amino acid sequence 
information selected from SEQ ID NOS:3502/to 7001 or function information based on the amino acid sequence 
is recorded, and is usable in the system of claim 25 or 29 or the method of claim 26 or 30. 

37. The recording medium or storage device according to claim 35 or 36, which is a computer readable recording 
45 medium selected from the group consisting of a floppy disc, a hard disc, a magnetic tape, a random access memory 

(RAM), a read only memory (ROM), a magneto-optic disc (MO), CD-ROM, CD-R, CD-RW, DVD-ROM, DVD-RAM 
and DVD-RW. • v 

38. A polypeptide having a homoserine dehydrogenase activity, comprising an amino acid sequence in which the Val 
so residue at the 59th in the amino acid sequence of homoserine dehydrogenase derived from a coryneform bacterium 

is replaced with an amino acid residue other than a Val residue. 

39. A polypeptide comprising an amino acid sequence in which the Val residue at the 59th position in the amino acid 
sequence as represented by SEQ ID NO:6952 is replaced with an amino acid residue other than a Val residue. 

55 

40. The polypeptide according to claim 38 or 39, wherein the Val residue at the 59th position is replaced with an Ala 
residue. 



BNSDOCID: <EP 1 108790A2 J_> 



239 



EP 1 108 790 A2 



41. A polypeptide having pyruvate carboxylase activity, comprising an amino acid sequence in which the Pro residue 
at trie 458th position in the amino acid sequence of pyruvate carboxylase derived from a coryneform bacterium is 
replaced with an amino acid residue other than a Pro residue. 

42. A polypeptide comprising an amino acid sequence, in which the Pro residue at the 458th position in the amino acid 
sequence represented by SEQ ID NO:4265 is replaced with an amino acid. residue other than a Pro residue. 

43. The polypeptide according to claim ; 41 or 42, wherein the Pro residue at the 458th position Is replaced with a Ser 
residue. . . 



10 



44. The polypeptide according to any one of claims 38 to 43, which is derived from Corynebacterium glutamicum. 

45. A DNA encoding the polypeptide of any one of claims 38 to 44. 

'5 46. A recombinant DNA comprising the DNA of claim 45. -* - , ,\ 

47. A transformant comprising the recombinant DNA of claim 46. - - 

48. A transformant comprising in its chromosome the DNA of claim 45. 

— - -49r- The transformant according to claim 47 or 48, which is derived from a coiynefornrvbacterium: - ~~ : - ^ 

50: The transformant according to claim 49, which is derived from Corynebacterium glutamicum. 

25 51. A method for producing L-lysine, comprising: 

culturing the transformant of any one of claims 47 to 50 in a medium to'produce and accumulate Lrlysine in 
the medium, and * * ^ .* ... 

recovering the L-lysine from the culture. . 

30 

52. A method for breeding a coryneform bacterium using the nucleotide sequence information represented by SEQ 
" ID NOS:1 to 3431 , comprising the following: , ; 

(i) comparing a nucleotide sequence of a genome or. gene of a production strain derived a coryneform, bacte- 
35 rium which has been subjected to mutation breeding so as to produce at least one compound selected from- 

an amino acid, a nucleic acid, a vitamin, a saccharide, an organic acid, and analogous thereof by a .fermentation; 
method, with a corresponding nucleotide sequence in SEQ ID NOS:1 to 3431; 

(ii) identifying a mutation point present in the production strain based on a. result obtained by (i); 

(iii) introducing the mutation point into a coryneform bacterium which is free of the mutation point, or deleting 
40 the mutation point from a coryneform bacterium having the mutation point; and . ■. * 

" v (iv) examining productivity by the fermentation method of the. compound selected in (i) of the coryneform . 
bacterium obtained in (iii). ^ - . -v \ . " 

53. The method according to claim 52, wherein the geneJs a gene encoding an enzyme in a biosynthetic pathway or 
45 a signal transmission pathway. . . f . . , • 

54. The method according to claim 52, wherein the mutation point is a mutation point relating to a useful mutation 
which improves or stabilizes the productivity. \ 

so 55. A method;for breading a. coryneform bacterium using the nucleotide sequence information represented by SEQ' 
ID NOS:1 to 3431, comprising" . . ^ 

(i) comparing a nucleotide sequence ota genome or gene of a production strain derived a coryneform bacte- 
< rium which has been subjected to mutation breeding so as to produce at least one compound selected from 

55 . an amino acid, a nucleic acid, a vitamin, a saccharide, an organic acid, and analogous thereof by a fermentation 

method, with a corresponding nucleotide sequence in SEQ ID NOS:1 to 3431 ; . 

(ii) identifying a mutation point present in the production strajn based on a result obtain by (i); 

(iii) deleting a mutation point from a coryneform bacterium having the mutation point; and 
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(iv) examining productivity by the fermentation method of the compound selected in (i) of the coryneform 
bacterium obtained in (iii). 

56. The method according to claim 55, wherein the gene is a gene encoding an enzyme in a biosynthetic pathway or 
5 a signal transmission pathway. 

57. The method according. to claim 55, wherein the mutation point is a mutation point which decreases or destabilizes 
the productivity. 

10 58. A method for breeding a coryneform bacterium using the nucleotide sequence information represented by SEQ 
ID NOS:2 to 3431 , comprising the following: 

(i) identifying an isozyme relating to biosynthesis of at least one compound selected from an amino acid, a 
nucleic acid, a vitamin, a saccharide, an organic acid, and analogous thereof, based on the nucleotide se- 
ts quence information represented by SEQ ID NOS:2 to 3431 ; 

(ii) classifying the isozyme identified in (i) into an isozyme having the same activity; 

(iii) mutating all genes encoding the isozyme having the same activity simultaneously; and 

(iv) examining productivity by a fermentation method of the compound selected in (i) of the coryneform bac- 
terium which have been transformed with the gene obtained in (iii). 

20 

59. A method for breeding a coryneform bacterium using the nucleotide sequence information represented by SEQ 
ID NOS:2 to 3431 , comprising the following: 

(i) arranging a function information of an open reading frame (ORF) represented by SEQ ID NOS:2 to 3431 ; 

(ii) allowing the arranged ORF to correspond to an enzyme on a known biosynthesis or signal transmission 
pathway; 

(iii) explicating an unknown biosynthesis pathway or signal transmission pathway of a coryneform bacterium 
in combination with information relating known biosynthesis pathway or signal transmission pathway of a co- 
ryneform bacterium; 

(iv) comparing the pathway explicated in (iii) with a biosynthesis pathway of a target useful product; and 

(v) transgenetically varying a coryneform bacterium based on the nucleotide sequence information to either 
strengthen a pathway which is judged to be important in the biosynthesis of the target useful product in (iv) or 
weaken a pathway which is judged not to be important in the biosynthesis of the target useful product in (iv). 

35 60. A coryneform bacterium, bred by the method of any one of claims 52 to 59. 

61. The coryneform bacterium according to claim 60, which is a microorganism belonging to the genus Corynebacte- 
rium, the genus Brevibactehum, or the genus Microbacterium. 

40 62. The coryneform bacterium according to claim 61 , wherein the microorganism belonging to the genus Corynebac- 
terium is selected from the group consisting of Corynebacterium glutamicum, Corynebactehum acetoacidophilum, 
Corynebactehum acetoglutamicum, Corynebacterium callunae, Corynebacterium herculis, corynebacterium lil- 
ium, Corynebacterium melassecola, Corynebacterium thermoamino genes, and Corynebacterium ammonia 
genes. 

45 

63. A method forproducing at least one compound selected from an amino acid, a nucleic acid, a vitamin, a saccharide, 
an organic acid and an analogue thereof, comprising: 

culturing a coryneform bacterium of any one of claims 60 to 62 in a medium to produce and accumulate at 
50 least one compound selected from an amino acid, a nucleic acid, a vitamin, a saccharide, an organic acid, 

and analogues thereof; 
recovering the compound from the culture. 

64. The method according to claim 63 f wherein the compound is L-lysine. 

55 

65. A method for identifying a protein relating to useful mutation based on proteome analysis, comprising the following: 

(i) preparing 
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a protein derived from a bacterium of a production strain of a coryneform bacterium which has been sub- 
jected to mutation breeding by a fermentation process so as to produce at least one compound selected 
from an amino,acid, a nucleic acid, a vitamin, a saccharide, an organic acid ; and analogues thereof, and. 
a protein derived from a bacterium of a parent strain of the production strain; * 
.5 , . ' •• • • . ' : ' • . . " 

r (ii) separating the proteins prepared in (i) by two dimensional electrophoresis; 

(iii) detecting the separated proteins, and comparing an expression amount of the protein derived, from the 
production strain with that derived from the parent strain; 
■ ■ . . (iv) treating the protein showing different expression amounts as a result of the comparison with a peptidase 
10 to extract peptide fragments; . ' ; ' 

(v) analyzing amino acid sequences of the peptide fragments obtained in (iv); and 1 ' 

(vi) comparing the amino acid sequences obtained in (v) with the amino acid sequence represented by SEQ 
lb NOS:3502 to 7001 to identifying the protein having the amino acid sequences. 

66. The method according to claim 65, wherein the coryneform bacterium is a microorganism belonging to the genus 
corynebacterium, the genus Brevibacterium, or the genus Microbacteri urn. [. 

67. The method according to claim 66, wherein the microorganism belonging to the genus Corynebacterium \s selected 
from the group consisting of Corynebacterium giutamicum, Corynebacterium acetoacidophitum, Corynebacterium 

20 acetogtutamicum, Corynebacterium caltunae, Corynebacterium herculis, Corynebacterium iitium, Corynebacteri- 

.~ uln meia^seltt fte/THo'amVnbgenes, and CorynedacteriurrT ammbliiagehesl — ~ ~- 

68. A biologically pure culture of Corynebacterium g/Lrfam/cu/T) AHP-3 (FERM BP-7382) . 
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